OP-05001-paa’' 1 DESCRIPTION Drug for Cancer Therapy Field of the
TSR he present invention relates to a drug containing 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, which have an
action of enhancing cytotoxic %célé/g*%,@?o tibody drug in an antibody
therapy of cancer, as an active ingredient."More precisely, the present
invention relates to a drug having an action of enhancing sensibility to an
Drantib 9 q{gﬁﬁ% cap %rrc‘:_iells having resistance to the antibody drug.
Rélated AR The mechanisht for antibodies to recognize a specific antigen
and eliminate foreign substances out of organisms have long been
risly ie df"@ﬁ‘é‘”fﬁl?&‘fﬂ‘i (plrleparations are well known as application of
antibodies to therapeutic treatments. However, they have problems such
as inSificienettenr bndontdmpation bi taknden inféclicn soutcsn Mg a
148¥eRign eLthe moRqgjanalanibody preparalian. dechnigus by ddilsfein
and Kohler brodght breakthroughs in various antibody techniques. Today,
1aathé eprdaletitpyst-cgandiie bap bpkedicigerestidieuhaetolfeaadn
nyRABe98RIEfartare @pd exPressigrPifugiieracf e beig-oferrin
successively elucidated. The antibody techniques are greatly contributing
tqQQévgbﬁﬁmﬁﬁ@ﬂégggchyngh%@§cal synthesis or the like,

which have an action of enhancing cytotoxic activity of an

antibody drug in an antibody therapy of cancer, as an
active ingredient. More precisely, the present invention
relates to a drug having an action of enhancing sensibility
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 organisms
have long been studied. Immunoglobulin prepafations 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 techniques. 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 technigues are
greatly contributing to development of research methods

targeting them and therapeutic methods by utilizing them.



targeting them and therapeutic methods by utilizing them. 2 Moreover,
further advancement of the antibody techniques in future is being strongly
expected and attracting attentions. Aatibody drugs targeting malignant
tumor have strikingly advanced in the field of molecular target therapy.
Only two kinds of antibody drug products have been approved in Japan
so far. However, currenéljyéknown antibody drugs include at least those
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antigen-antibody reactions. And they induce cytotoxic action by a
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- ovigdfill he tipercellifarexpmplg. so forth (for example, refer to

Non-patent document 1}.

As the action mechanisms of these antibody drugs
against malignant tumor, roughly three kinds of mechanisms
are considered. That is, the first are mechanisms in which,
when antibodies bind to a surface of malignant tumor cell,
certain signals are transmitted to the tumor cell to cause
cell death. The second are mechanisms in which the
effector cells (neutrophil, macrophage, NK cell etc.)
existing 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



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 treatmenf with an antibody drug had 3
become difficult due to recurrence of malignant tumors acquiring
resistance to the antibody drugs in the process of performing the
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resistance to the an antibody drugs by tumor cells; many cases have
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cells. They inactivate the classical pathway of complements in the
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mggﬁggasm, leading to the acquisition of the resistance
(for example, refer to Non-patent document 4). It has been
suggested that cytotoxic activity of the complement systems
are degraded by such a mechanism, resulting in reduction of
sensibility of target tumor cells to antibody drugs. Thus,
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, variocus mucus
and so forth of mammals, and is a multifunctional protein
having iron adscorption 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



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 prodlﬁct. 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 4 inventors of
the present invention for the first time (for example, refer to Patent
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extremely useful substance that exhibits an antimicrobial action at a low
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ood and products for pets, an S has an extremely great value.
H@eavemind thetafieumoreffdct of lactbierdd, greptide that does not

contain any chemical substance or chemically synthesized
amino acid derivative, and therefore it is healthy and safe
for human and animals. This is because lactoferricin is
naturally produced in human stomach by decomposition of
lactoferrin contained in usually ingested cow's milk by
gastric pepsin. Therefore, lactoferricin can be utilized
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 prdducts for
pets, and thus has an extremely great value.

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



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
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[Non-patent document 3] Hatake K., Blood Frontier, Vol. 12,
No.1l, pp.65-71, 2002
[Non-patent document 4] Oncogene, Vol. 22, pp.7358-7368,
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SUMMARY CF THE INVENTION
An aim of the embodiments of the present invention is

to provide a highly safe drug which causes nc adverse
reaction and has an actiocn 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 antibody drugs.

 While paying attention to techniques fcor more

effectively enhancing cytotoxic activity of antibedy drugs
leading to improvement of treatment results, the inventors
of the present invention considered that, if we could
enhance the sensibility of target tTumor cells to the
anﬁibody drugs, the cytotoxic activity of the complement

system should be sufficiently exhibited even if resistance



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 érug and a method for enhancing

t o Cytotoxie agiivity, of theantibody drugs, A4 hile, paying@ttention 1@
techniques for more effectively enhancing cytotoxic activity of antibody

ma GG feadifg t5 improve et R treatiert restifst ik RTERtFS TbfaRe
dePLesentinventionconsiderad that:if we gould enhance the sensibilitrot,

target tumor cells to the antibody drugs, the cytotoxic activity of the
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aclkomplements; and4dlaus: tachievedthepresent invention. That is, the

present invention trglates té)sa Ir11(F)veI %ru coontain!gnga%lactqgerrin' 1
hydro ysaaﬁe THiXture or %Ipar%a pelprftlaee ot 18Ctoferrin isolated from tHE
driactaferrire hiydroty satel mixtaresord paitiad peptidexof: lacteferrirethat can
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1 awhiche Iscessernitiatty tifferart from the eonvertiopally kadwpearttitdmon £
laggggé¥4@§0%ﬁg@J8§Qe8@“%%@@%@%%?%&7chemical synthesis or
the like as an active ingredient based on its action of
enhancing cytotoxic activity of the antibody drugs, which
is essentially different from the conventionally known
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 therecf.

In & first aspedt, there is provided a drug for
enhancing cytotoxic activity of an antibody drug in an
antibody therapy of cancer, which comprises a lactoferrin
hydrolysate that can be cbtained by hydrolyzing lactoferrin
with a hydrelytic enzyme and has an action of enhancing
cytotoxic activity of the antibedy drug in an antibody
therapy of cancer as an active ingredient, wherein said
lactoferrin hydrolysate comprises any one type or a mixture
of the following two peptides of (a) and {b} as an active

ingredient:

{a} a peptide having the amino acid seguence of 3EQ



considered to be particularly effective for cancer for which almost no
effective therapies or drugs have found so far and, and use thereof. In a
first aspect, there is provided a drugf®r enhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer, which comprises a

10138 5tefrin Hydrolysate that can be obtained by hydrolyzing lactoferrin
with a h%/drolytic enzyme and has an action of enhancing cytotoxic activity

of the' BAtiddY Tl tear artiBtty “therapi gt afterhsShiagRee 0T SEQ

Ipingredient, wherein said lactoferrin hydrolysate comprises any one type or
a mixture of the following two peptides of (a) and (b) as an active
ingredirenta (aya peptidesdwaving: the dimtime acidsseguencel o8SEQ 6aub rfor

NO: 2; and (h).a peptide having the aminp acid sequence of SEQ ID NO:
emé??nc&%gco%gta%%g%tl,?he?ecf%%%g%edo ép driig fo?%(gclwqé%é%ﬁg ytotoxic” 4"
- anathvtpyoftareantibodydrogrinan, antibady thergpyicfccaneary whieh type or

&gmg&i)%, S any Qne type-or _a mixture of the following t eptides of :
e B e L B SEETatrs 6 anano i ) =
ansaquénce ¢ SEQIIRINO: 2; and (b) a peptide having the amino acid

sequence of SEQ ID NO: 3. In a third aspect, there is provided a food or

drink (éomprishfPthectfrud acéoding1e tafire ossecdnd egpestanal  SEQ
1pfaisth aspegt there is provided a food or drink comprising a lactoferrin
hydrolysate that can be obtained

(b} a peptide having the amino acid sequence of SEQ

ID NO: 3.

In a third aspect, there is provided a food or drink

comprising the drug according to the first or second aspect.

In a fourth aspect, there i1s provided a food or drink
comprising a lactoferrin hydrolysate that can be obtained
by hydreclyzing lactoferrin with a hydrolytic enzyme and has
an action of enhancing cytotoxic activity of aﬁ antibody
drug used for an antibody therapy of cancer and attached
with an indication that the food or drink is used for
enhancing cytetoxic activity of an antibody drug used for
an antibody therapy of cancer, wherein said lactoferrin
hydrolysate comprises any one type or a mixture of the
following two peptides of (a} and (b) as an active

ingredient:

{a) a peptide having the amino acid sequence of SEQ

ID NC: 2; and

(b) a peptide having the amino acid seguence of SEQ

ID NO: 3.

In a fifth aspect, there is provided a drug for an



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 wittf&n indication that the food or drink is
used for enhancing cytotoxic activity of an antibody drug used for an

AN aiGedy theFARFet cahcer2iRigrein $4id FActstefir hyarolydatkrctoferrin

1y &OPIPFISES Anyrone type oba mixture.of the Joliowing 1o peptides o @)y rin
and (b) as an active ingredient: (a) a_peptide having the amino acid

"1Rquence 6f SEG 15 NS 2Y8Rd ) peptide fraving theHitio agidactive
ingeguenee ef SRR Ha NOs3.iln arfifth-aspect itherg/isHrovided @ drigfer ses
an 6b antibody therapy of cancer, which comprises, a lactoferrin ,
21 Ry Giolysatd that tad bE obtaingd By hidfolyziy Btdterin? Rithegp tides of
{a hydralyticenzyse and an:antibody tedy asactive ingredients, wherein
said lactoferrin hydrolysate comprises any one type or a mixture of the
followiag tvwo peptidescof @y and (res anndctivedngredieat;(ahapeptides o
D hﬁ%ingiheg@no acid sequence of SEQ ID 1\10: 2; and (b) a peptide
" " having'the aniino acid sequence of SEQ ID NO: 3. In a sixth aspect, there

is proyided.a drug.for.an @:{@Pg y therapy, qrg@ng gﬁ/h'c comprises
any obr?g tyge %Fg% mixture of thegfoﬁgwingr?wo pep?&es ogfézgilgn% Efb)oafndSEQ
ID anGntibeody drug as active ingredients: (a) a peptide having the amino

acid sequence of SEQ ID NO: 2; and
In a sixth aspect, there is provided a drug for an

antibody therapy of cancer, which comprises any one type or
a mixture of the following two peptides of (a) and (b} and

an antibody drug as active ingredients:

(a} a peptide having the amino acid seguence of SEQ

ID NG: 2; and

{b) a peptide having the amino acid seguence of SEQ
ID NO: 3.

In a seventh aspect, there 1is provided use o¢f a
lactoferrin hydrolysate that can be obtained by hydrelyzing
lactoferrin with a hydrolytic enzyme and has an action of
enhancing cytotoxic activity of an antibody drug in an
antibody therapy of cancer for the production of a drug for
enhancing cytotoxic- activity of an antibody drug in an
antibody therapy o©f cancer, wherein said lactoferrin
hydrolysate comprises any one type or a mixture of the
following two peptides o¢f (a} and (b) as an active

ingredient:

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

ID NC: Z; and



(b) a peptide having the amino acid sequence of SEQ ID NO: 3.In a
seventh aspect, there is provided use of a lactoferrin hydrolysate that can
be obtained by hydrolyzing lactoferrin with a hydrolytic enzyme and has
an accg'on of enhancing cytotgoxic activity of an antibody drug in an
antib y)trﬁeréb%p&ﬂc%ﬁcé%m% Production’st atirig ot SEARAIIngP . SEQ
IDcytotoxdc activity of an antibody drug in an antibody therapy of cancer,
wherein said lactoferrin hydrolysate comprises any one type or a mixture
of the fokowiag divolpeptides of (a)landy(b) aspnactive dngeediert: )w one
eptide having the amin ids nce, of S ID NO: 2; and 6 % a
tyggptﬁe ﬁa\%ﬁg{ uergm?ng %g}& sggﬁgﬁgelg%ggolﬁﬁ%?%%ﬁ an gig(ﬁ ko and
{baspezt, thére ipprovidediuse af @ny one wypetora mixtunecofthe follewing:ic
tides of (a) and for the production of a drug.for enhancing
ac%&)t%ggc §§tivﬁl§/§ of %ﬁta%?t)i%cggy §r§éqn an an?i%o@%%%a%@yofathéﬁé%ﬁ B(a)Of
capgraptide having the amino acid sequence of SEQ ID NO: 2; and (b) a
peptide having the amino acid sequence of SEQ ID NO: 3. In one
embodimept, fieré isdsrovidedodragdora@abiancingicytategisscteityodf SEQ
1pthenantibody.drugs in the antibody therapies of cancer, which comprises a
lactoferrin hydrolysate that can be obtained by hydrolyzing lactoferrin

with a bydrglytie spzyiae gad has anaction of nhantindsequence of SEQ
ID NO: 3.

In one embodiment, there is provided a drug for
- enhancing cytotoxic activity cof the antibody drugs 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 embodiment may be characterized by
the following 1) to 6) as preferred embodiments.

1) The aforementioned hydrolytic enzyme is pepsin.



cytotoxic activity of the antibody drug in an antibody therapy of cancer as
an active ingredient. The aforementioned embodiment may be
characterized by the following 1) to 8) as preferred embodiments. 1) The

2 aforemesdionad hydrolyticcenzyme: isspepsit: dn) Thertegradation-wate of
the aforementioned lactoferrin hydrolysate is 6 to 20%. 3) The

by dFsbkitidned Idctofermt Rydrolysate has a number average molecular

3) weight0f 5001erb5000n 4} The eforementionag €apcer-is aayrene ef breask »
cancer, B-cell lymphoma and coLon%B%ncer. )& e aforementioned
SVeanéer i@‘%l@ﬁ@e?ﬁa‘\'fﬁ‘@ Sistance“to &7 anti dy drug. 6) The

4 aforementionrd action ofienhancing cytotoxic @ctivitrobar aptibedydesg,

o IS qaftion of increasing s nsibilit)éof target tumor cells to the antibody
%?ug. In-Another enTbodiment, thére |§ep¥0vided use of the

5) afaremehtioned fecctofesrdn hydrotysatesfor preductionrofvtheg resistance

toagogemr?nygg d drug. Furthermore, in another embodiment, there is
provi&e ame og orge'nhancing cytotoxic activity of an antibody drug in

6) afitantibody etherapycofecanger dsing ¢lie antibody. diyige whetein the

ac I@'n;_orer;cnenéi(fi)ned Iactocf%giondhyg{g{}/sate is adrréigiﬁ%rgd (;[(% a, gce_}g_j%nt. In one

embodiment, There is provided a d?ud" f’orarelnhancmg CYTOtOXIC actvity ¢
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afg@q@@mﬁj@mgthgqngierrin hydrolysate for production of

the aforementioned drug. Furthermore, in another
embodiment, there is provided a method for enhancing
cytotoxic activity of an antibody drug in an antibody
therapy of canéex"using the antibody drug, wherein the
aforementioconed lactoferrin hydrolysate is administered to a
patient.

In cone embodiment, there is provided 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 cf the following peptides of
(a) to {(d) as an active ingredient:

(a) a peptide having the amino acid sequence of SEQ ID NO:
27

(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
inversicn 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;



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, additién or inversion of one or more amino

{cpcid fesidues; apdhaving-an: aclion of grhancing.cytatexie activity afianie:
antibody drug in an antibody therapy of cancer; 8 (c) a peptide having
37 the amino acid sequence of SEQ ID NO: 3; (d) a peptide having the

(o Aming asid sequenceRf the.aming acid PUMbess 364061 4F thenaming no
acid sequence of SEQ ID NO: 1, which includes substitution, deletion
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NO action of eBhaneing ey totoxe petivity of iashantibodydryg , inanantibedyor

. thera \blof cancer. The aforementioned embodiment may be characterized

1n‘6~‘~§,rﬁ1% foliwirng '7) t%rg)f‘é%r&reﬁé?ﬁé@er%%a‘in‘f&ﬁé%@%e and having an

acaiorementionedcanaer iswanytoneief breastcancess Baceldympboma and. o

. _colon cancer. 8% '[he aforementioned cancer is a cancer having resistance

7 6En aarr%i%;%ag ruél.eg)alpr?é a %_recrﬁgr?tleorn'ed action of enhancing cytotoxic
activifhef ari antibedy: drug:d amrdgtionnefincreasingesensibilityof tdrgetl by
tumor cells, to the antibody drug. In one embodiment, .there, is provided use

O B LR Fentonsd pLptas 1o Sba o o M S e toned drug

7) Flntheshoresie andthes @ mzotiment!,thereviso providedba erethod forcer,

B ggﬁmgin% cytotgxic na&ti\(/:ictyi%fnan g@(@@ggﬂy drug in an a_ntibody therapy of
cancer sn?g the aforementione antibody drug, wherein the

8} afdreneitiopedntioned cancer is a cancer having resistance

to an antibody drug.

9) The aforementicned acticn of enhancing cytotcxic
activity of an antibody drug is an action of increasing
sensibility of target tumer cells to the antiboedy drug.

In one embodiment, there is provided use of the
aforementioned peptide for producticn of the aforementioned
drug. Furthermore, in another embodiment , tThere is
provided a method for enhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer using the
aforementioned antibody drug, wherein the aforementicned
lactoferrin hydrolysate is administered to a patient.

Furthermore, in another embodiment, there is provided
food or drink comprising the drug of the aforementioned
embodiments.

In a further embodiment, there is provided focod or
drink comprising a lactoferrin hydrolysate that can be
obtained by hydrolyzing lacteoferrin with a hydrolytic

enzyme and has



lactoferrin hydrolysate is administered to a patient. Furthermore, in

another embodiment, there is provided food or drink comprising the drug

of the aforementioned embodiment$. In a further embodiment, there is
an PERded fond %9@%99@p&gw&!&@%m%@v&@%&ba&ﬁ@@}%?dy

obtained by hydrolyzing lactoferrin with a hydrolytic enzyme and has 9
drigy activA of'enRBNEiRG Cytstoxit AR ofdn aRTISGHYr d‘f’@g‘9§edﬁ1 an
at@ptibedy therapy, af capcerwhish is raftached with.an indicationithatthes - 4

food or drink is used for enhancing cytotoxic activity of an antibody drug

£olisBA P A HAIBBHP HEFARy BFcaNCerYIrPyet HhotRd dRBYUIFEHY, theRs

fols provided:a drig fer-angptibady-therapy of cancer, which comprises a
-lactoferrin hydrolysate that can be obtained by hydrolyzing lactoferrin with

a hydrBIyHE enzyinb Hid ST4HEEY drud-38 Betive ingFedieArd Thedrug
foaforementioned emhegiment may hercharacterized ky-thefollawing 10) to

14) as preferred embodiments. 10) The aforementioned hydrolytic
Lagh9ymetis Pepdif® ﬁ?iL)y’Fﬁ‘éCﬁeﬁ%ﬁti%}ﬁr}a@%fc&ﬁé%?&%%egﬂioned
hytactoferrim dytalysate is-6:10 200 12) Theraferementioneghactoferrian
drolysate has a number average molecular weight of 500 to 5000. 13)

HSremeifiohed Hntibsay ROAITART-CD20 antibody, anti-HER2

monatienal Bntibedy:an antk-d 7<bf humandtunoy-related epithelial celk:d

oy LS9 136190. 20Uhsey, 34) The sloiemestioned canget s a cancer

10} The aforementicned hydrelytic enzyme is pepsin.

h
an

11) The degradation rate of the aforementioned lactoferrin
hydrelysate 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-17-1A
(human tumor-~reliated epithelial cell adhesion factor)
antibody.

14} The afcrementiloned cancer is a cancer having
resistance to an antibody drug.

In yet another embodiment, there is provided 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 aminc acid seguence of $EQ ID NO:
2;

(b} a peptide having the amino acid segquence of the amino



resistance to an antibody drug. In yet another embodiment, there is .
provided 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 activegingredients: (a) a peptide having the
amino acid sequence of SEQ ID NO: 2; (b) a peptide having the amino

achgidsddienze of the afting 10 A& d Hlimbers 3690 T0IRGRE anfirto akld 1P
3o sequenge R SERIDLNQ: Lunkich inaludes, substitution, deletian; adgition
_or inversion of one or more amino acid residues, and having an action of
InERRaAGIRg totBtic AELTRY 6f &TaRtbdty: drdg & SftibGdy thBFapy 6t
an CaRear; {C)@rpeptide.having e aming acid seavenge 6FSER HINDso3;y
(d) a peptide having the amino acid sequence of the amino acid numbers
Aryg 155150 RS BrtiRG Acid*§8Gtthc8 of SEG 3 “NO: 1, which includes
(¢ pubstiiutien.deletion, agdiion eminversion af ereroemose amisg@cioh No:
_residues, and having an action of enhancing cytotoxic activity of an
" antibody drug in-an antibody therapy of cancer. The aforementioned
(d embodipentimay beicharagterized roy theifallawiggstbhyandflG)ias amino

referre emboéj'ments 15) lejE aforementioned.antibody drug is.a
L EB25 AnibBdy “anth HERS MonBHbnal ARtocs o AT TA 20 10
NO (humam tumbr-telateddepithelialstelladhiesion faetor)k amtibodyldlB) Tdwe or

1 n@lorgmentigned cancer ig a cancer having ; resistancg to an antibody drug.
an action of enhancing cytotoxic activity of an antibody
drug in an antibody therapy of cancer.

The aforementioned embodiment may be characterized
by the following 15} and 16) as preferred embodiments.
15) The aforementioned antibody drug is an anti-CD20
antibody, anti-HERZ2 monoclonal antibody cr anti-17-1A
(human tumor-related epithelial cell adhesion factor)
antibody.

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

Embodiments of the present invention relate 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 isclated from the lactoferrin
hydrolysate mixture or a partial peptide of lactoferrin
that can be prepared by chemical synthesis c¢xr the like as
an active ingredient, and target tumor cells can be
efficiently killed or injured by enhancing cytotoxic
activity of complement and antiboedy drug.

Furthermore, the disclosed drug alsc



Embodiments of the present invention relate to a drug for enhancing
cytotoxic activity of an antibody drug in an antibody therapy of cancer,
which comprises a lactoferrin hydrdlysate mixture, a partial peptide of

nadadioferi that cap bedsolaled framthe Jaclpferrin Jpydrolysatesmixture or

a partial peptide of lactoferrin that can be prepared by chemical synthesis

corgp HeEfike agnéh astverifgiediety and tafget fubidrlcells cadpest tumor
ce £ificiently killed.ordnisred, by enbaneing Lytolexie  Ackivily, of complement, re,

and antibody drug. Furthermore, the disclosed drug also 11 has an effect

thef pedoVefing eyicteNi€ Attty 6fofpiémentahdanthodydrug, in

+ hPREIGIAr; agRipskiumoar-cells having resistange ta-theiantibody didg. pe
Furthermore, the active ingredient of the disclosed drug for therapeutic
obteifiRentditanter Raving fesittahRe Taff b bbtdindd fiohta temtiveiy

as inexpensive rawnateriabsuchas cowisamitk and:therefore producedin a
large scale. Furthermore, the aforementioned active ingredient also

exerts & Ra/Taeffect R thAtSIRR Hidremiitionsd ‘dfag wierr et
al sentaired in fopd os griak swhiehts -aftached with an indicafiestbat thened
food or drink is for enhancing cytotoxic activity of an antibody drug in an
Ar Qi S& T thierapy of CAhcet BRIEF DESCRPTION OF THEDRAWING
at FigHeshaws effeet of adactotersin hyidsalysate mixidrecandiaipeittidls for
enﬁe tide of lactoferrin,of the present in\Izention on cytotoxic, activity of

GhaB SYAIRSCR AR A, The Synibol * déhoteS P 000 réfatite to
anMedidm (cukredyoth}. cancer.

BRIEF DESCRIPTION .OF THE DRAWING _

Fig. 1 shows effect of a lactoferrin 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 brothj.

Rest 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 inventicn (henceforth also referrad



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 preferreq ‘
embodiments described below and cakebe freely modified within the _
scope of the present invention. In the present specification, percentage is
used on mass basis unless otherwise indicated. The active |r_lgred|ent of
tthesfrug Yor eshahiding dyteiosic aﬁiiwitﬁﬁééﬁﬁﬂti@%@)éﬁ%k@"@? is a

i thera f cancer or the drug for an antibody therapy of cancer
la%bé)%%/gselrﬂ in&&?%%Y(ﬁ%ﬁ%ef‘bgf’i’wta@S‘?eféﬁe‘dblt?JrE‘%ﬁ‘n|5’|¥ RY§ReLlyzing
lgraydiehe present invetipatoisye: 1acteferkmbydiodyaie: that cdaﬁf_b_gon of

tal hydrolyzing lactoferrin with_a hydrolytic enzyme and has an
AT S YRR Ebh S SChvty BF o nfschP A, ratd ahnbody
abiReyiyf daeoerigiyendeforhaiso (eferred foash'ladteteria hudalysate, as
ey - y e or a_mixture of two or more types of the
%ﬁ%&%&g&%ﬁde@% a %36(3)‘3(?1“&)&%%]&%%&35 réfetre 1§ at¥Banr 2
mdadtHeoplhcloferrion): fera peplide haﬂingihemujmemfbsgm;fﬁ::@éy of

N . ide having the amino acid sequenge of the

(gr"r:-]i%cgp atg% nglr}]%%%%%%g% 'in%ﬁg%nﬁﬁg%léﬁsgeqtu%n g ofREG8No:
Peplhite in€lubies sabsttmiion )deletion, addition or inversion of one or

re graipeasld fesidyes. and aving an action of enhancinig ?@ toxic 0-
(g:givit;ﬂ;o161 an antibody Lc}i{r%sg In an an%bogf/3 t ergﬁ%f” gacr?ce?; (c)a ejrﬁldlé
2F1aving the amino acid sequence of SEQ ID NO:

(b} a peptide having the amino acid sequence of the amino
acid numbers 36 to 60 in the amino acid seguence 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 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 ID
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



3; (d) a peptide having the amino acid sequerice 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 oftenhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer. S_EQ ID NO: 2
corresponds to the amino acid numbers 36 to 60 in SEQ ID NO: 1.

Fairth oy obe rSERd DomOtﬁecarf@&mmm&H&ﬁfamf&éfhﬁ}U@Qe%@

in SEQD NO: 1. In the present invention, the term "antibody drug
%Jgsrgéef%r an alntibo’%?/tiﬁgféf)y%ﬁ)cgﬂﬁeﬁ%égﬁgﬁ d?ﬁ&%dtf’@éméﬁs an
iarhibbdly bimding ta acurfase of e1cangesweh f%%@ﬂ?ﬁwﬁch{?i Qllc?nggnd
Kil .injures the cancer 13 cell by binding of t e aforementioned
l?n ib%%gl%:) ‘?‘r%e“"c%%c‘é%é%ﬁ A"é(ioﬂé%’f‘fﬁ‘éﬁﬂﬁbédf&ﬁdg iflefl mkasiadn
}@f@m@meﬂrgiuwmgnaln&idimg:@li@iuﬁ@glléia@%rﬁéﬁm@%%’s‘@ﬂaent
.signal,_ Killing or injuring cancer cells by a o
e Abr e RS PR ARP S dA oG adperRfery totoxici ty,
agullufe-deatbRicity, and so forth. In the present invention, the e>;pre55|on
"enhangj tqtoxic activity”: encompasses, besides an effect o )
enhanc?r{]%gg)%)%%% %gtlll\t/élty% Va%ngﬁtl Foay- iR SRty fﬂé‘?&ﬁféf‘g
CYarerthat &5 ehnatniig emcactipnsefea covaslement aﬂd/@f@g@l{\%{)dy
S0 KL Op iy ett r cells, an action of jncreasing sensibility
eg) an aﬁl o%?%{r{gg ggi‘{%rr%qr@%s av?%g ?élsis?tﬁgé et BRdbddy @fug,
afnat RodgcdnaimgroytotBxicamtioity ofhat is, enhancing an action of

a complement and/or an antibody drug to kill or injure
target tumor cells, an action of increasing sensibility to
an antibody drug of tumor cells having resistance to the
antibody drug, that is, recovering cytotoxic activity of
the complement and/or the antibody drug. Furthermore, the
expression “having 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). In 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 hydrol&sate 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



the complement and/or the antibody drug. Furtherm_ore, th(_a expression
"having resistance to an antibody drug" means havlln.g resistance to an
action of an antibody drug or complement to kill or injure tumor‘cells
(cytotoxic activity). In other words, it ndefans that the aforementioned

action may be weak, or the tumor cells do not incur_th_e action. _
Furthermore, resistance to an antibody drug is not limited to resistance
tahsed By tatbaiplamait @mamn}afmulirfaﬁ;d mﬁﬁ@géﬁ&gt@eﬁ%ﬁ)&% rgegvine
ib u ors. A lactoferrin hydrolysat

sntbady Sossouses Bl agots dledalerh NOYSSE IS,
FACkBRRAN Wi dolyside whistre flastofewimpartati peptige Ha aetivey from
naredient ahdia duiel e PRSSILINGTTON, gan be prepared by using
lactoferrin as a starting material. As lactoterfin. théte c%ﬁ‘l?é“ﬁ%ﬂ‘
RIS R aBe I&@fbf@#mhaarﬂhlactafelmm&th?m@d flrlsmfl
walast Iy iTalabs1Wanl] re.mi 4 late lactation. milk o ]
mammegilg?tf?r e$>j<ampIef,@rlﬁljarr?g?#J t%{/%lr!\lg ge%rfl‘ st)[il (ﬁh%%rp%ge%ré‘&duced in
%ﬂo&&&%%ﬁ?ﬁé%eﬁﬂﬂ%%u&ﬁ%@ §Nﬁﬂnédrnﬁm&n®m¢ﬂy¢6&iﬁ#NMorinaga
1materinh oy sealging fom, dhe glatemanioed s materials ith a
F;:onventional technique such as ion exchange chromatography. In _

S HEGER i m%?é%lﬁ;f%%% RiestaAtiprotiiced i mmvingasttiahs ,
ascate ffocexampla. anesrofuced by eunagy Milk péggggy%o-hggﬁ)g

can be preferably used. Furthermore, lactoferrins produced with ==
IRicroorgansSmE e Ghitid deRshidAdisshic anirdis arkksaiforth.by using
geneti¢’amgineening &Chniges s alsa i iSed FHIEMRLE of BERIGS .

sﬁﬁﬁE%@“égngﬁé?jgéeguggg%ide that can be isolated from the
lactoferrin hydrolysate mixture (lLactoferrin partial
peptide) can also be directly prepared by chemical
synthesis, genetic engineering techniques or the like.
Examples of the method for preparing a lactoferrin
hydrolysate mixture, the active ingredient of the drug of
the present invgntion, by using such lactoferrin include a
method of hydrolyzing lactoferrin with a hydrolytic enzyme
or thé 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 tjpes of enzymes are used, the enzymatic
reactions may be performed simultaneously or separately.

In the present invention, pepsin is particularly preferably



similar to that of a peptide that can be isolated from the Iactoferrln
hydrolysate mixture (lactoferrin partial peptidg) can also be_dlrectly
prepared by chemical synthesis, genetic engineering techniques or the
like. Examples of the method for preparing a lactoferrin _hydrol_ysate
mixture, the active ingredient of the drug of the present invention, b_y
using such lactoferrin include a method of hydrolyzing lactoferrin with a

uneifolytiE entiimenorthe like insr aoREHiNGaL BIRANEE AS[Or SPEGHIgo - type

e;enzyme used for the hydrolysis of lactoferrin may be any
ﬂr%%%gﬁ? eﬁg‘yr‘%é“'é%ﬁ%ﬁ% 1 e AR RE IR AF BECdHf e htoferkyme .

TFoprbdgm pyptidesrieming an agiien @gemgmptt%%ﬁ%\ﬁ%yeﬁ L
ibody in.an.antibody therapy of cancer or a mix ure thereof.

%)%aﬁ)n g Ie%g%%%ﬁ’é: ﬁ?g ro ﬁ%r%dz%/g&ecp %c’ﬁ?&éapé’ﬁé}n bpaptleaiinedtrypdide
NeHySIEATsn, hretedegs aldsived frana tAspergilius Oéylz@ﬁfrﬁrtdicl ?..e action.

tr es ofi nd so farth. One or more types of hydrolytic
‘Ignzgy%?és&rgaé ?)%gl(?s?egde ah %‘\Ayodgro 78 K dList diosmehsreasete
ipgraiadiico fedduend Tuay bé penformed simultangusty ea@edli@{étely-

ti tion, pepsin is particularly preferably 15 used.

d%ﬁﬁé&?’ it%é%?gg{;)sos ﬁ)g o usa(:a[ n%n%%-&?)é’pﬁﬂ&%é’}ﬁmrl?
DESHBFRIGH vHith-an bR&-type hydrolytic enzyme. The hydrolysis reaction

time isqref ine that a preferred. degradation rate can be
attaineﬁv%h?%@%ﬁ%%%%h%%%%rg atiort fate %Hhe% %ﬁﬁaﬁ??e%%éﬁ?d
b¥ o diAinSKRRRIEHiMeRITBERE mittale, thid ackym ingrediant obthe

; ; i [ 6 tg 20%,
s8fi ef the prgsert @‘i%ﬂitfpf’rﬁlé%h%%gr?gﬁtlo%ryat%ﬁ%prﬁfx%gr? | se Society
garticularly preferably 8 to 12%.

fOr Food 'Science and Technology, "“Food Analysis Methods , "
p.102, Korin, 1984), measuring formol nitrogen content of
the sample by the formol titration method (Ed. by Mitsuda
et al., "Laboratory Manual of Food Engineering,” First
Volume, p. 547, Yokendo Co., Ltd., 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 in
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



The degradation rate of a protein can be calculated by, for example,
measuring total nitrogen content of a sample by the Kjeldahl method (Ed.
by The Japanese Society for Food Science and .Technology_, "Food
Analysis Methods," p.102, Korin, 1984) measuring formol nitrogen
content of the sample by the formol titration method (Ed. by Mitsuda et
al., "Laboratory Manual of Food Engineering," First Volume, p. 547,
ling stuaton Dearada mgd?of?&”i?i@a“ﬁg?%e%%ﬁFeﬁ;ﬁe/Tiosta.
llQwyi atign. Degradation rate (%) = (Formol ni rogen ¢

é}%t%?g&&gg)%ge ﬁ% %ﬁ%%%vﬁgn%ep dEBF%\dé%(_)ﬁ ¥heeis afitained, the 7
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' inactivation of the enzyme in the hydrolysis solution, w
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hRanrEOTHE Henting tbmpecatuteapdgatentian smeefthehisaln

ly selected as conditions enabling

inactivagion t t can be suit
sufficiea%ﬁng%%?/ tIO%St%j}%gllﬁyoe%C%Sﬂm %ﬁnﬁ%ﬁﬁ?ﬁtﬁ%ﬁ%ed
nedARYE AN dY fdrgbxambld;like Inactivatet: can e iornetingie rure is

time of 30 16 minutes to

teaRaratiie range ¢f 8 30C for are entig:?r
5 secon(;%.%'he obtgi%e((gjé?(’eé{c':ti(g)rzli JFn{_b](t(l:frle e el%FeﬁﬁfﬁﬁRﬂsYe&ﬂPBeto
48RAin the pH range of 5.5 to 7 with an acid such as citric acid. When the

lactofegi ixtur ntains insoluble substances, it can be
removgdg]b)%igt%ﬁ%ér%rri%%ati%ﬁ%r%fft?gi?orln?1n %éE3 preseRt ﬁ%ﬁﬁqﬁ?ﬁh‘é
SRGABEY apdraBelietac dainpight of dmakactaferrin Mydinlysatenmixtureis

PRIGHIEPIYSAQ 1-a000 Rartigylagly prefprably 100010 1 s Co., Ltd.

1878}, the number average molecular weight represents an

r

average molecular weight of a macromolecular compound on
the basis of different indexes as described below.

That is, a macromolecular compound such asg protein
hydrolysate is a heterogeneous substance, and the molecular
weights of individual molecules have a distribution.
Therefore, the molecular weight of a protein hydrolysate
needs Lo be represented by an average molecular weight for
physicochemically addressing it. The number average
molecular weight (henceforth also abbreviated as 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

Mn= 3 MiNi/ ¥ Ni

i=1

The lactoferrin hydrolysate mixture obtained as



4000. As described in, for example, the literature (The Society of Polymer
Science, Japan, ed., "Fundamentals of Polymer Science", pp.116-119,
Tokyo Kagaku Dozin Co., Ltd., 1978), the number average molecular
weight represents an average moleculgr weight of a_macromolecular _
compound on the basis of different indexes as descrlbeo! below. That is, a
macromolecular compound such as protein hydrolysate is a

deatemigendonb subsieane band the malecular wieights pfindividvalss ent of

#hglecules have a distribution. Therefore, the molecular weight'of a

protein %?d??]{/stiﬁ? r?é%etﬁsel’btbé‘Péfrﬁ’%éﬁ’_t%d%?/ arf a¥éragermeieeulae
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cular weight (henceforth also abbreviated as Mn) is an average w
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ppedtitetdivain 08 Mi, Badibeambernaffolacuies heigof g MBS et 1ve
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partial peptide include 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 shown in Sequence Listing and
a peptide having the amino acid sequence of the aminoe acid
numbers 36 to 61 in the amino acid sequence 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 Fag-Rg, -
_ When peptides comprising both the lactoferrin Fa-Feo
and lactoferrin F,;-A,; are used as the active ingredients,
the mixing ratio of the lactoferrin Fis-Fgy and lactoferrin
F36-A6l1 is preferably 1:20 to 20:1 (lactoferrin Fao-
Fgo:lactoferrin F,.-A(, ), particularly preferably 1:10 to

2:3 {(lactoferrin F,;-F,,:lactoferrin Fig~Bg) -

The lactoferrin partial peptide, specifically the
lactoferrin F.,-F,, and/or lactoferrin Fi6-Ag;, can be
prepared, for example, according to the method for
producing lactoferricin described in Japanese Patent Laid-
- open (Kokai) No. 5-238948 by using a lactoferrin

hydrolysate mixture prepared as described above as a



hydrolysis product of lactoferrin obtained as above. Specific examplgs of
the aforementioned lactoferrin partial peptide include 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 showpdn Sequence Listing and a peptlde
having the amino acid sequence of the amino acid numbers 36 to 6_1 in
the amino acid sequence of SEQ ID NO: 1 shown in Sequenc_e Listing
S(SEQ 1D @ak)e Heaginaffeixr thiee PEPHGR havipg Jhe APHR0 ACId SEqUERCR,
ftpe mino acjd numbers 36 to 60 (SE}? ID NO: 3) is also re erred. to as
RS- Bﬁgéﬁdr?ﬁg FStefithtidhed pephdd favPEeRCsRiny 2
madids@quengarofitheiaging @%ﬂ@@{bﬁésﬁéﬂg %hi%,?sig}{%%ﬁlto as
lactqferrin F36-A61. When peptides comprising bo e lac _ _
Sf%é?ﬁ%blﬁnd fa iSRS E3 F,%@ilﬁ?éiugé’d asiikd Befemghamdneinreit

bmnixipg tattsakthedaatoferdonatnb6@ apdjactateriin iR36-A6ddsetic

ferably. 1:20 tg 20:1 (lactoferrin F36 F60:lactoferrin F36-A61),
eggeritﬁzﬁ%g@/np?e%?a VUG 18 93 Hat e Rindeis FE0 $o@BrRat Lon

teghrigme Taedactaberriscartalineptide, specificallythe ilactoferEip: i de

- d/or lactoferrin,F36-A61, can be prepared, for example,
hgggé{r:%?g%%t%t S hethodTor HrIRTANGS 1 2o fER iR TRREIRGRA JupuhrEs 36

tPatdhtandty opertiikolkail No. 8 A3BMGNEUSING @ |_ﬂ6t0$at[riﬁl_nrl1¥:gf@:%/a§?i%o
i ' . Fur ,
e el S oSttty Ttofbrrntda. KT A be Ay BFh The
neehade pfepiréd dya m@bdcof@ugimréﬂg:msynﬂiﬁii@xﬁamiée.%e ‘
1benreal sy peplide pipduced hya melhad ohpiaducing LY o
synthesis of a recombinarit peptide using a genetic :
sultable primers on the basis of a nucleotide seqguence
encoding an amino acid sequence including a region of
interest, amplifying the nucleotide sequence by PCR using
the aforementioned primers and cbHNA including the target
nucleotide sequence as a template and expressing the
obtained nucleotide sequence using a suitable expression
system.

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
Fi3s-Fgo and lactoferrin F,s-A,; that can be.used for the
present 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,,~F,, or lactoferrin Fie-Rg, is



engineering technique utilizing a gene recombination technique etc. and

so forth, so long as it is a peptide having the amino acid sequence of the
amino acid numbers 36 to 60 and/or the amino acid numbers 36 to 61 in

the amino acid sequence of SEQ ID N®: 1. For example, as for the

method of using a genetic engineering technique, the lactoferrin partial
peptide can be obtained by preparing suitable primers on the basis of a
miadeswdelsedueieel @ncoding aprahbdig seqtiende inchelingaeferably
regiprsof interest. ARG fie Q4ElEaUde seyenGe BREER using the
aforementioned primers and cDNA including the target hucleotide
TsahBIRg aissa Raraprrabhy axphedsing theombtdinethuoleatidds having

eﬂi_sé'%ga itable.expressi e rmare, usual genes, .
S%%%%kgtain a m%%libngzs%ec'h' agiu%%%%%%nggggggﬁaﬁggﬁo%g%&%ﬁ%ﬁ tion.

18r PNERsich # dhbicknbachodestdes B oriésor eRorkasIsitiorsIdue 186 -
adifferencednspsciasafenns individials-and sp fordh, agd aminoaeid, 5

residues of a protein encoded by a gene having suéh a mutation may
FarotMave dhfutafie drmbpfarnd £36-Fet( ane lacsiefifrRRE\6Imino

athed can hegssedsionilg myesentdnuariigi ngluding guchya PYIAHAR 2150 g0
fall within the scope of the present invention so long as the action of

fERmatdifg ShithoRe sttiifforan antikdey Srite AR BRtibddpHrapy bhe

6 0RRCRINAYING reshHaneR is bt @ﬁgr@&%ita-fémt?er ﬁt)%iﬂ{tego long
deleted, inserted, added or inverted amino acid residues that may be

Afhclitfe PP TRER IR R R 80 255 6% ad@ i Ah 36 A6 T is T opRFerably
ladedeemeara mreferahhnkio 8, wost peaferabiv dnto RUrthesRe entigo
ag%%?ggﬂgggf%@"gkaggbitrary amino acid(s).

The lactoferrin hydrolysate mixture or lactoferrin
partial peptide that can be used for the present invention
has an action of enhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer, and the
action can be measured according to a method using
propidium iodide (PI, Dojindo, catalog No. P378) [Cytometry,
Vol. 8, No. 4, pp.421-426, 1987] or a method using calcein-
2M (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 or.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



residues is preferably substitution of amino acids having similar property,
i.e., so-called conservative substitution. If such a modified lactoferrin
F36-F60 or lactoferrin F36- A61 is longer than the lactoferrin F36-F60 or
lactoferrin F36-A61, the added amin%q%cid(s) is(are) preferably amino
acid(s) corresponding to a sequence on the N-terminus side from the
36th position or on the C-terminus side from the 60th or 61st position of

ChfF RREGIEHR. HowidvRE o lort aitht SiremeihebithsanEg include

thasiefenin 636160 Yolatdaferrinb3aAGhRas auwiasird astian, headdashs,
aming acid(s) may be an arbitrary amino acidés). The lactoferrin

Shotitlysite FREYE BF lactotEHRT pariRRRplitetHSttan s 65&d forthe

o prasesh tvenian chas an egoaedeahaneing cytntaxe aghvitysof @drth.
antibody drug in an antibody therapy of cancer, and the action can be
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agamtagde. Ban@d iQytomesy, AM]. 8sNald aeed2i-426, pAS helckutical
method using alcein- AM, indo, catalog No. 3 tosis,

Doj 1-07901) [Apo
ST LR, S5l 48 DA TARB 1 (he BORA R M RBEH BT o Saents.
1uteascsernent sediod witkhe exglhinedrinmdetai Ascie drigwites,
resent invention,.a lactoferrin. hydrolysate mixture or a lactoferrin partial
B A Do LS hcr ity At et £ nsnetal fcicing
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suitably selected depending on the purpose 0
of lactoferrin hydrolysate mixture contained in the
pharmaceutical preparation may be 10 ug/ml to 50 mg/mil,
preferably 50 pg/ml to 10 mg/ml, and the concentration of
Jactoferrin partial peptide in the preparation may be 0.5
toe 200 pg/ml, &preferably 1 to 100 pg/ml.

The administration time 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 for the objective
cancer type. The administration methed 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 method,

age, sex and severity of disease of patients, other

conditions and so forth. The dose of the lactoferrin



20 therapeutic treatment. Specific examples thereof include tablets, pills,
powders, solutions, suspensions, emulsions, granules, capsules, syrups,
suppositories, injections, ointments, patches, eye drops, nasal drops and
so forth. In the production of the pha#haceutical preparation, additives
commonly used for usual agents as pharmaceutical carriers such as
excipients, binders, disintegrating agents, lubricants, stabilizers, flavoring
hyrgentsy didentsi stifactarts dad sofents forpaetticgricaepéidedaFhehe

qunt of the lactoferrin h I jxture actoferrin partial tide
aContainec %ﬁﬁgld‘?ég o%%é%p%rgs?e%r%ﬁn er#ltl;%nq"l&sl%o%%pg %u?g%lyglifrrqggddw 60
maNnbaaddie, spitellyseidated.-dwever fomaddrogldathe eoncengrafidnldhe.,

laetefemin hydrolysate mbgure, gonainedindhe. pharmacgygicy
a prepfﬁétirgr? %%ay be 10 g/§ t0850 mg/ml, prgératﬁ?/ g(})aggﬂ{)to ]fonrlr?&?nl,
tandshe céagematibivdiddtafentiipasial peptide in the preparation may

 be 0.5440.200 g/ml, prefgrably. 1.10,100;9/pd . The admunistiatqn time of

the drug of the present invention is not particularly limited, and it can be
cyppfidisrerddwefora crurek dumisiEiatdn orhARGIBIdEIIGgOF 2

asiytanepusly 4t 28 atgdy drug -tﬂé%aaf%ﬂi@?g aioR IMEGAN BEing an
suitably selected according to the method of therapeutic treatment for the

ambideddy Giter ffpe. THeAARRistiRbrememvtes stitibiynseleéidyreast
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patients, severity of symptoms of patients and so forth. The dose of the
Thetife Hfe HiEnTEShRFRAGR the Pt utiERDrépRAtisAH e ing an

aFeIREINVERIgN S gether with a lactoferrin hydrolysate
nmixture or a lactoferrin partial peptide can be used as a
drug for antibody therapy of cancer. 1In addition, even
when the drug for antiboedy therapy of cancer of the present
invention is used, an antibody drug or the drug for
enhancing cytotoxic activity of an antibodylﬁrug 0of 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 antibo@y\(trastuzumab}, anti-17-1A
{adhesion molecules o%ﬁhuman epithelioma) antibody
{edrecolomab) and so forth. 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



suitably selected depending on the administration method, age, sex and
severity of disease of patients, other conditions and so forth. The dose of
the lactoferrin 21 hydrolysate mixture or lactoferrin partial peptide as the
active ingredient is preferably in the r%ﬁge of 0.001 to 60 mg/kg/day,
preferably 0.01 to 20 mg/kg/day, as a guideline, and the dose can be
given once a day or at two or more times a day as divided portions. The

ogr ReERHR Rdsemdventpbes edbiulaida IclrdticadrR, Rasrdthieeffertuse

+RRAANYIAE Prig 0L candliany srrative, dinionin atherapeulicdieaiieni ¢ arug

using an antibody drug for a cancer, for example, any one of breast
{EBsCaraBree I 3PMBRERMACIRY cOBRT atieer ASEbYBE arfdig thé eFugdy of

tAbNeAYPSRBLIDYSRNAD, 3t 84S COMPESING Gk AIURJY-H{HI LeafiRBka

with a lactoferrin hydrolysate mixture or a lactoferrin partial peptide can

UgE (GBE ARG fdhentiRBINL ARG GRethBERRRIShL ey &R ffRE for
e degionanihedeherameahernceas ff thaspresent dnvationis dsedauce

an antibod%rug or the drug for enhancing cytotoxic activity of an

dgftocdy & ﬁ#ﬁé‘eﬁr%%éﬁPFﬁ%@nﬁ’&ﬁEQﬁ%ﬁéﬁtﬂé’ﬂ%e‘f%lﬁﬁﬁ%@'ré&. drug
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against, in particular, cancer having resistance to an antibody dru

9
CHHORYNE HorthikhtbfEd 'Oh cRIQ T EREMB RTINS BEBSAY Gfuge vsed
iHsalpienieiaseaty inwenden tadide anrantheD2onaiiibedyons of the

(rituximab), anti- HER2 monoclonal antibody (trgstuzumal% anti-17-1A
EifRsRin Hfe eSS uER Bhithefofa) ARtfsty: (sarbRaintAha °F
130 #e¥h e adséione antibhady ditgs: sablarp@niibedy thesapy for canege of
tglgr%%gg%glsfn%%ntion, but combined as a separate drug to
constitute a commercial product and combined upon use.

The drug of the present invention or the lactoferrin
hydrolysate mixture or lactoferrin partial peptide as
active ingredient of the drug may be contained in food or
drink. Form and property of the food orxr drink are not
particularly limited so long as the effect of the active
ingredient is not degraded, and the fcod or drink can be
orally ingested, and they can be produced in a conventiohal
manner by using raw materials usually used for food or
drink except that the aforementioned active ingredient is
added. |

Yhe 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.
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.



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#hether they are simultaneously

administered 22 or separately administered), and it is also possible to use

them together with a known prophylactic or therapeutic drug (including an
Fanhaeaingdeug dhe atiritidnedrudy Yokanfoftie pfoepseribtidne®sidcerscan

plGURRiIngLen: e gembined, usg Gamanhancs,fue praphylgeticand,

therapeutic effect for the aforementioned cancerous diseases, and can
farbhredasa dosedoffinemferepsariion cigrdployl actitistienspditicalrug

aHEs R angObinatignaF Y termRore; thesprophylactic of fherapeutic drug for

the aforémentioned cancers to be used in combination may be contained

capmbigmtdcditoridemnefdard dFfahé pFédent invention as an active
ingredignt, of it Mgy -nekbg, goRjainadindhe cemposiiicas ©of dhe drugs of

the present invention, but combined as a separate drug to constitute a

DE6HPASTRILY pRUkitt fd Eopthingd dpbhlusB L TRERIAGY BiiHe Sesent

1 HYEBHRA 6 the-Betofelin: Sydigivsale MixtuEs 06 askale MiLRaiely of an
peptide as active ingredient of the d(r?l)g ma‘){ be contained in food or
QAR T EHE piGiSetyf 6Fhe oo A kR FE RSt Parfet&f imitéaso

elengrasthe-effact ob thesagtive dgrediam ignet deskaded Anshihedeod o1
drink can be orally ingested, and they can be produced in a conventional

CHARFBY R hatéridR L%ﬁglﬂ}b 8€¥d fBr48od dFd rﬁﬂ?e%é?&‘ﬂ%ﬁy
tHha-aloyementaret activeangradiantEs addad. enhancing cytotoxic

activity of an antibody drug used for antibody therapy of
cancexr”” or "food or drink containing a lactoferrin
hydrolysate mixture or a lactoferrin partial peptide
indicated as ‘For enhancing cytotoxic activity of an
antibedy drug used for antibedy therapy ©of cancer’”, or
“"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 lactoferxin indicated aé 'For enhancing |
cytotoxic activity of an antibody drug used for antibody
therapy of cancer'”, "food or drink containing a
‘lactofexrin 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 antibedy
therapy of cancer'”, "food or drink containing a
lactoferrin partial peptide indicated as ‘For enhancing
cytotoxig¢%%fivity of an antibody drug used for antibody
therépy 6f canéer‘”, or the like. In addition, because the

compounds, compogitions and so forth of the present



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. Examples include, for example, use as food or
drink useful for reduction or eliminatiéit 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

1By AR TV FRosRERCE 1 En SHRBBEY BELFERE bt aBE Lvity of
afUEhenRey thefegdaralinkal e PIBsRI IRYRINIGRLAPE PEMRMT, the

various diseases, complications thereof and so forth resulting from a

LeacthamtPiesitaltttER S4tfb ot FIG R Ealc P fisRIEiFRERT as
“ fiseaganh asRnplicatipnsdbereof aedispifoytho F harfoad ek daaly ofithey used
present invention is preferably sold as food or drink attached with an

£ B cRibhPREY u TS S BiBtoxic activity of an antibody drug

used farantibedy theyapyof casrednformaxampteofoad atekiskibed above
containing a dru%for enhancin_g ,cgt?oﬁioxic activity of an antjbody,dru

18588 orKrB a7 thetam Fof hdiCatsi s FBF &ffarEing tottoxic
eABMvityiaf gncarttbosly tEug esed ferastibedy thetapyody career " wsetbatbr
aor g\gnlécon?inin%a Ia%toéearrigerludrogs%tearlyixture q;a Iacé(ggerrjan grtial an
BE e ¥n(ﬁ Sredts Bor &h ancing Cy{lo OXIC%CH\%y of'éh ar‘RI'Boay cf}gg
ausad fenantib6dy therapy @flsancdnig oe £ feactofdunicgdntaiminigzraactivity
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rug used for “arftibodytherapy of cancer”, or "food or drink containing a
chyalroty shitel dislavtoftyim inteatetbas 'Fof effranpingsent invention. As
such a wording, an indication based on various uses
allowing consumers to recognize enhancing effect for
cytotoxic activity of an antibody drug used for antibody
therapy of cancer or an auxiliary or enhancing effect for
an antibody drug used for antibody therapy of cancer is
also possible. 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 fall within the scope of the
“indication” of the present invention regardless of purpose,
content, objective article, medium etc. of the indication.
However, the indicatioen 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



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 cordiining 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
gpeptidermtiidateq atoF dhenHarsing cydotbrk. , eilitrbeanaasbody drug
. used for antibody .therapy.o cers o thg like, In addition, heca
S L, R Y K DAY AR o
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e Indicated as "For enhancing cytotoxic activity of an antibody drug used

aftpreernibody tredpy 9f cafder 1ad norang désduskbad itication as
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enhancing cytotoxic ‘activity of an antibody drug used for antibody therapy
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weiectigaevotoxicactivity, b 2RANIPEU daigusedipr aptibody therapy

of cancer of course falls within the scope of the present invention. As
edgetaomwstarl b imeithaén bhase Bhs/arBls ubedPdIctAng Lbhkumers

to recogpize;erfiancing gffect igkLyiataritacyity ahar apibedagdiviovea
used for antibody therapy of cancer or an auxiliary or enhancing effect for

b¥n HatthedpdRid Eed i arftitody tFekpS s RRACer iERakBPbsgblen in a
sExamplesdacieaforaxsrrigianwhich is qualified on the basis

of any of various legal systems provided by the
administration), and it is particularly preferably an
indication on packages, containers, catalogs, pamphlets and
advertisement materials at the sales spots such as POPs,
others documents and so forth.

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



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 aforeméhtioned term "indication" include all
actions for informing consumers of the aforementioned use, and any
indications reminding or analogizing the aforementioned use fall within
Helzd $¢topd.afttbe dndicutdf aafeheioserit envientionréjnrdiiess do. 86,

APULROSE, Fo%ggfgog]g&tl\é%% tﬂ% r@g@g%%tﬁbgtsthe |nd|cgt|on.
owever,the indication is preferably'made with an expression that allows
consumers to directly recognize the aforementioned use. Specific
E‘%%g tIae§ include actions of indicating the aforementioned use on goods
or packages of 25 goods relating to the food or drink of the present

inventibarsefrsiof dgsigmmg sdalivednyadiddlaging¥éd. the ptvstdeest
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+REoViding ipfo a@%i@ﬁg those as contents with indicating the

aforementioned use by an electromagnetic method (Internet etc.) and so
forth. The indication is preferably an indication approved by the

[ ARSI etex i gxample, an indication in a form based on an
approval, which is ﬂ,l%?ﬁ”ﬁed on the basis of any of various legal systems

PEERAGEL BY I AdiRGEeEEH 1 Bn 4 HIE paMRa ey PrettaBly an
indicatjgn,qm pagkaaess Spptainerscqatalagsrrampbieim afflik (Morinaga

Milk Industry Co., Ltd., purity: about 90%) in an amount of
2.0 kg was dissolved in distilled water at a concentration
of 5 mass %, and the solution was adjusted to pH 3.0 by
addition of 1 N hydrochloric acid. Crystalline pepsin
{(Difco) was added at a ratio 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 to pH 7.0. The insoluble
substances 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 Example 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



advertisement materials at the sales spots such as POPs, others
documents and so forth. Examples of the indication further include, for
example, indications as health food, functional food, enteric nutritive food,
food for special dietary uses, food w#R 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
edasisi oithesysteyn o foticcfosispeetiet heglth sk Svaantle similahsystems.
ples of. the latter include_indicatians as food for specified health
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the present invention is not limited to the following examples. [Preparation
tiexarhpleriaRrap apdtidihef Meianm fakoiyisr Aki@@BeRndecane
o Jagtofstrip isglated from skim milk (Morinaga Milk Industry Co., Ltd.,

purity: about 90%) in an amount of 2.0 kg was dissolved in distilled water
at a covderEmeRtly. 10 mmol hydrochloric acid was loaded on

the column te elute lactoferrin hydrolyzed peptides, the
eluate was mixed with an equal volume of McIlvaline buffer
(mixture of 177 parts by volume of 0.1 M acetic acid + 823
parts by volume of 0.2 M sodium primary phosphate, pH 7.0)
and the pepfides were adsorbed on the hydrophobic carrier.
The hydrophobic carrier was filled in a column and washed
with 6000 ml of the same buffer, and the lactoferrin
hydfolyzed peptides were eluted with 9000 ml of McIlvaine
buffe: {(mixture of 485 parts by volume of 0.1 M acetic acid
+ 515 parts by volume of 0.2 M sodium primary phesphate, pH
5.0). 10 mM hydrochlorie 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 afcorementioned 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 hydrdlyzed peptides was

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



of 5 mass %, and the solution was adjusted to pH 3.0 by addition of 1 N
hydrochloric acid. Crystalline pepsin (Difco) was added at a ratio of 3
mass % of the substrate, and hydrolysis was allowed at 37C for 4 hours.
Then, the reaction mixture was heatedPat 80C for 15 minutes to
inactivate the pepsin, and 1 N sodium hydroxide was added to adjust the
reaction mixture to pH 7.0. The insoluble substances was removed by

Farrbhermaiethetiafindae S5tad-drREAeresarefabdhe 110k eferrin
nRawdetesklaciaferring bydrplysaterkha-Aerpposition e of hesuit, it

produced lactoferrin hydrolysate mixture was 101. [Preparation Example
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hydrolysate mixture) in an amount of 600 g was dissolved in distilled
a%te]raé?c%of:‘éﬁEéﬁ’trzﬁ%n%% mage of B0TAII A RYdrbPRsKic
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equilibrated by sufficient washing with water. The solution of the starting

materif&TES ritde with th@IREREShIBIT Lairk? T Ytk Provide fithed n

astirsan and tihendhesolidioniyas sepEatadbwiiehyesephehieaprias . was
filled in a column (10 cm in length and 20 cm in diameter), and the

aforementioned separated solution was loaded on the column. Then, the
[ celumrEwassuHiciently washed by using water at a flow rate of 400
ml/minute untjl the absorbance of th washln%solutlon at 280 nm became

0.06 or 183§ $G5dediRhul eTd REChydtoQRIBHE a&d WASBEARA 'GH the
efdlaomn ofelatilactoferrinthyaralyzed pepiides, lifgirolysate mixture on

cytotoxic action of complement and antibody drug.
(1} Test samples

Test Sample 1 was prepared with the lactoferrin
hydrolysate mixture prepared in Preparation Example 1, of
which concentration was adjusted to 1000 pg/ml in RPMI 1640
medium (Sigma, catalog number: RB758) 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 solution, rituximab {(Zenyaku Kogyc, sold by

Nippon Roche) that recognizes the CD20 antigen was used,



eluate was mixed with an equal volume of Mcllvaine buffer (mixture of

177 parts by volume of 0.1 M acetic acid + 823 parts by volume of 0.2 M

sodium primary phosphate, pH 7.0) and the peptides were adsorbed on

the hydrophobic carrier. The hydropHébic carrier was filled in a column

and washed with 6000 ml of the same buffer, and the lactoferrin

hydrolyzed peptides were eluted with 9000 ml of Mcllvaine buffer (mixture
apfi485 padts ynepamediDt]l 3 acatentiatBI5 mitsAPvadielotEng

ciesadmainaccatasliate. pY & Qod@AMdAradiUiGRgd aflthan
water was loaded on the column to regenerate the hydrophobic carrier,
semdpPHBf theo elelid wascadjaded toFbeth BRAYHIR hydrsedased.
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peptides was passed through this column, and the column was washe
awith 35e@f frkerlosierBsraBARS of tHeob FfeFeFRaH brinive A9Hrochloric

acid “GEHQ%Q%Q?”&Q%éPMEH%EiSH“%fh%EEﬂﬁéﬁﬁbhMQ%”ﬁ%%kormed by

peptides, which were lyophilized to obtain about 10.5 g of powdered
thetoterhe Ry drolpedpppitiiPuitdbltheldttaintalddsrmrifatalog
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found to be 99%. 28 Furthermore, the amino acid sequences of the

ofactdrerme Hyaroleed e fideedBré et MR And SR R FRIOHTRES

3ganfirmea thaj ihe, praskiced lgetefersn hydrolyzed, peptides oontainask § .
both the peptides of lactoferrin F36-F60 and lactoferrin F36-A61. The
existence ratio of these peptides (lactoferrin F36-F60:lactoferrin F36-A61)

(wasHls 8 tHReaalles the present invention will be explained in detail with
reference to the following test examples. [Test Example 1]

The Raji cell suspension was added to ‘each well of a
24-well culture plate (NUNC, catalog number: 143982} in a
volume of 100 pl each (2 x 10° cells each). The 24 wells
were divided into four groups, to wells (6 wells) of one
group among them, 50 pl/well of 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
pl 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 wells) 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 17,

respectively.



This test was performed in order to examine the effect of addition of a
lactoferrin hydrolysate mixture on cytotoxic action of complement and
antibody drug. (1) Test samples Test Sample 1 was prepared with the
lactoferrin hydrolysate mixture prepa?@d in Preparation Example 1, of
which concentration was adjusted to 1000 pg/ml in RPMI 1640 medium
(Sigma, catalog number: R8758) containing 7.5% fetal bovine serum

(GibcoBEatifdg auiriber 240098t 14 P1Lake 1P peRemR(sPEptefyeiniisiBeo,
ab8tAl0g pHMbeL1 530 %0:083)- hangafarth this solutian is refewedde ass 37° ¢

"dilution solution"]. Furthermore, Control Sample 1 was prepared by

agflufiriy RRETeFHMboEsscdfifatlof 8F 1808 pyMmMFTN Ihéhildhsbator

(RN A tarpsh callador Mmeasigementa extotexie aghan Ofos each
complement and antibody drug, human Burkitt lymphoma Raji cells
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the cells were suspended at a density of 2 x 106 cells/ml by using the
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recognizes the CD20 antigen was used, 29 and it was prepared at a

concentration of 200 pg/ml using the dilution solution. As a complement
{ s9lutiegHumam serum AB (Cosmobio, catalog number: 832000027) was

d. Th tibody d |uti d I nt soluti
ed (P ToSABERHILE D 119 BoLBtod bBRE VDI duterRaforor 22

ciheacdlls waspeffoomediby thesmetizodhsg prapidatl édide @akh
£§ngg0%wg antibody drug + complement”, cytotoxic
activity was confirmed in each sample group {“Test Sample
Group 17: 45.7%, "Control Sample Group 1": 24.3%, "Negative
Sample Group 1": 30.7%), and it was found that, in
particular, the lactoferrin hydrolysate 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.



number: P378) [Cytometry, Vol. 8, No. 4, pp.421-426, 1987] or the
method using Calcein-AM (Dojindo, catalog number: 341-07901)
[Apoptosis, Vol. 3, No. 3, pp.195-202, 1998]. (2) Test method The Raiji
cell suspension was added to each well of a 24-well culture plate (NUNC,
catalog number: 143982) in a volume of 100 pl each (2 x 105 cells each).
The 24 wells were divided into four groups, to wells (6 wells) of one
group among them, 50 pl/well of thezasgidody drug solution and 250
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Ng%rgﬁglf;_l%fgg "Nepgative %iEnple Group 17, resb)ectlvely. 30 Byu n%the
24-well plate prepared as.described-above, the cells were cultured Under

the conditions of 37C and 5% carbon dioxide (CO2) for 1 hour using an

[&@gpaﬂa%q]%coz j:atalog number: 5300). Then, the cells of each sample
group were collectéd, and the rate of dead cells in
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.
{1) 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

1l to prepare Test Sample 2.

{2} Test method

The human Burkitt Iymphoma Raji cells were suspended
in 6.3 ml of the dilution solution with a cell number of 2
X 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 {CQ;} using an

incubator.



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 1. As clearly sg&n from the results shown in Table

1, with "Addition of antibody drug + complement”, cytotoxic activity was

confirmed in each sample group ("Test Sample Group 1": 45.7%, "Control

Sampleiarogpili's 24 8% o e gaives Sapie Groupd " wdk4%eany itaddsd

found that, in particular, the lactoferrin hydrolysate mixtu({e éTe%t ngé)l%
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cytotoxic activity did not increase in Contr%IbSamuple Grog%D[]EcomﬁQ:rLesd
CREAYRE RATRRE sampi®lgrblp=SMe Hiierstire TIRSS MUkt that the
pebhadearacii=ef Quplexicedctyity inassgn antvityhspecifics te dreslabtofertin of

hydrolysate mixture. 31 Table 1 Cytotoxic activity (%). Test Sample .
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{3) Test results

The result of this test are as shown in Table 2. As
clearly seen from the results shown in Table 2, the
sensibility to the cytotoxic activity provided by
“complement + antibody 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



[Test 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. (1) Test sample Thg 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 Senwla 3¢t fast method AdeyhwpanBudkiitympheparkaji calls
were suspended in 6.3 m] of the dilution solution with a cell number of 2

PR st fRe (B "estafbttifiBer- 2523614 Ao P EbGe
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was added (Test Sample Group _2) and a rog%)to which 0.7 ml of the
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cqnditigns of 37C and 5% carbon digxi 02) using an,_jncupator. 32
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centrifuge (KUBOTA, catalog number: 5910) to remove the supernatant.

This procedure was repeated 3 times, and then the sensibility of the cells

{ 2o tHRemtotoxichaetivity was examined by using the same systems as
é‘;‘ﬂ:ﬁg Of%%}[{?gft)érgi:u tsttc‘im iSmgnt 209 sNeAddition; used 1a Teskeq
in the dilution solution at a density of 2 x 10° cells/ml

to prepare a cell suspension, and this cell suspension was
added to each of 18 wells of a 96-well culture plate (NUNC,
catalog number: 167008) in a volume of 50 pl each (1 x 1lof
cells each). The 18 wells were divided into two groups, fo
wells (9 wells) of one group, 10 pl/well of the antibody
drug solution, 20 pl/well of the complement solution and 10
pl/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 solution was added
as "No addition”. For each of the aforementioned 2 groups,
10 pl/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 “PTest 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 (COZJ 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



The result of this test are as shown in Table 2. As clearly seen from the
results shown in Table 2, the sensibility to the cytotoxic activity provided
by "complement + antibody drug" was clearly increased in the group of
the target tumor cells cultured for 3 d&$s 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
ki1 Tess! Brainpie daacteédlomthagal@d 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 T [Test
{ Exdiepid 3k @hisltest was performed in order to examine the effect of
additianof . claeuin Bydighzed Aepde O, N AUIFONE%b1e 5. as
complement and antibody drug. (1) Test samples 33 The lactoferrin
chgamlysate amxtremréparedas Pk pashionExamflebllwag dilifedwasa
sgghaevrAionAle 1908 Dofmivith g diuion saluiep 1p8d 17 FE8t samp1e

Example 1 to prepare Test Sample 3. Furthermore, the lactoferrin
Ghydrolyle cepastideapiepdled pplFaepadtivhE antpieaaoias adikited toa

e&@PE%%U%¥”k%%H¥¥h8QE“QMH1Hﬁ%ﬁ%ﬂay (increase of about 67%

compared with Negative Sample Group 2).

Table 3

Cytotoxic activity (%)

Test Sample | Test Sample | Negative
Group 3 Group 4 Sample Group 2
Addition of
antibody drug 7.4 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 for cytotoxic activity of
complement and antibody.

{l) Test sample

The lactoferrin hydrolysate mixture prepared in
Preparation Example 1 was diluted to a concentration of
1000 ng/ml with the dilution solution used in Test Example
1 to prepare Test Sample 5.

{2) TFest method
Lymphoma-derived Daudi cells (ATCC CCL-213, obtained
from American Type Culture Collection), Raji cells (ATCC



dilution solution to prepare Test Sample 4. (2) Test method The human
Burkitt ymphoma Raji cells were suspended in the dilution solution at a
density of 2 x 105 cells/ml to prepare a cell suspension, and this cell
suspension was added to each of 18wells of a 96-well culture plate
(NUNC, catalog number: 167008) in a volume of 50 pl each (1 x 10 cells
each). The 18 wells were divided into two groups, to wells (9 wells) of one

cgroups 10gnivealheidhe by rdiignsatytion, GR1ptiwell ohRection) ,
pleme soI I/well of the dilution solution were added as
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WhICh was taken as 100%. (3) Test results The results of this test are as
showntindebia8ing eaiiecer i xie rastiis ShbWrWasT aise Botmed

iWohe same manner as that used for the “Addition of
antibody drug + complement” system of Test Example 1. That
is, to each of wells to which each cell suspension was
added, 50 pl of the antibody drug solution, 100 pl of the
complement solution and 150 nl of the dilution solution
were added, and 100 pl of Test Sample 5 mentioned above or
the dilution solution was further added as "Test Sample
Group 5" and "Negative Sample Group 3", 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 (CO;) 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



found that the lactoferrin hydrolyzed peptide (Test Sample Group 4) also
markedly enhanced the cytotoxic activity exerted by complement and
antibody (increase of about 67% compared with Negative Sample Group
2). Table 3 Cytotoxic activity (%) Test6Sample 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
coast igytetdxitoactiity didradtingedction (ietoberyiofweaskilal) of the
lactaferrin hydrolysate mixture was.exami using. t t celly
G Horcht S oS TS AE re  com e ,
Skitbady: €1} $estdamplefEelacfoferdrmhydioty satemidtticetprepared in
P ragion Example 1 was diluted. to.a gancentration of £1000. gg/ml with
% £§ %?lﬁ%)nosg)lugt?gﬁ) "eﬁg'([en ;ﬁnsc Tgst E)?amp e r&1(3"'[:)0 prepare Test Sample 5. (2)
Test niztimdd: & ymphe maE derivd: DaREF 38so@IGC Gili-oh 3agbtained
l%ﬁh’é\%&eﬂfg’fgﬂy@@ gglilirg %ﬁ&ﬁ@&)'x%@ig%&%% 3§hg '§§toxic
obtained from American Type Culture Collection), SKW®6.4 cells (ATCC
aqiB-2i by obfaissthdamaneriend Tpkitedurd Cavdambnyepgstance to
2y INABa APy ARH{ClBALTC G s CREs1 62k Obiaiped from

American Type Culture Collection)
hydrolysate mixture to eliminate the resistance to the

cytotoxic activity was confirmed. It was considered that
this was because the lactoferrin hydrolysate mixture had an
effect of enhancing the semsibility to the cytotoxic
activity for tumor cells having resistance to an antibody
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 51

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




having resistance to an antibody drug were each suspended in the
dilution solution at a cell number of 2 x 106 cells/ml to prepare cell
suspensions, and each cell suspension was added to a 24-well culture
plate (NUNC, catalog number: 143982) in a volume of 100 pl/well (2 x
105 each). Examination of the cytotoxic activity was performed in the
same manner as that used for the "Addition of antibody drug +
paptiglenept'eqystem of 1 eBrExamyotd dnTRataig 1@ eacivas wedlsdo a¢hich

each cell suspension was added, 50 gl of the antibody dru Jutj 100
Sa&\% ﬁé‘g bon?%’lle:?n%‘ﬁ?gélu%%nca%%tfgg' pfgfn tﬂgecﬁlbtit%ngrg ut%%gr\%v(ie%e
awitedbard 100 ptof Test8émpla b niEotidnsgabdclér Ingididtinn Co. .

solution was further added as "Test S I oup.5" and & i
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aslesoritted latibve, the cells were cultured under the conditions of 37C and
5% carbon dioxide (CO2) for 1 hour using an incubator (Napco, catalog
number: 5300). Then, the cells of each sample group were collected, and
{ 2he Tateofrgeldatlls in each was examined by the aforementioned

methag ﬁngghgyggo@ﬁ@cﬂg wasGAIQUIYed Nasedia GRste used

where all” the target cells were killed, which was taken as 100%. (3) Test
ages@rgPite reskis of Risitbscadd s SRSWATY TAbRY4 CaB tddmpgasden of

al @éﬂh%L@#&aﬁwwﬁ@%épgﬁe@@smf dhggensibilituie the-otn
actuvi

cytotoxic ty of complement and antibody by the lactoferrin

(BEMoly$ete mikf¥e KiES) notsB bpfirABE fMAB DR els, Bhith SHolt
pi@a}yghiﬁe%{big}}ﬁgﬁ@ gytofoxc activity JeartheRajhandro each well,

rituximab (10 mg/ml) and 1.0 mg/ml as a final concentration
of Sample A, Sample B, Control A or Control B {or Medium
[culture broth] instead of the sample)} were added, and then
human normal serum (AB type) was added at a final
concentration 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 minutes 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 PIL.

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



SKW6.4 cells, the effect of enhancing the cytotoxic activity of complement
and antibody was confirmed. Furthermore, for the ARH-77 cells, which are
lymphoma-derived cells showing resistance to the cytotoxic activity of
complement and antibody (having resi$tance to an antibody drug), the
effect of the lactoferrin hydrolysate mixture to eliminate the resistance to

the cytotoxic activity was confirmed. It was considered that this was
becauSétherastoldraind®/drdly sateenixtarechagsars iaffact bhiefhgncidg As

cgﬁg%%egggg'y&xgggrae%gyt%%xigeas%ig& f%rh%m?fﬁs“%tﬂgving ressiBNee Qe ro1

recovered the cytotoxic activity 6f complement and
Aawntiisodysdrdiga¥ablesa@ylsioxitltivily (¥ Tést 8atmpleiGyodpBmber of

N i 3 : 96.4 i 19 3 .
oHFEA9TES IR LAMBELTES SO EER SIUTAHBeson
(hydrolysatdmpttble, |dnofepitparial pebtde Banphdedompastged, the

cges%;zéﬁc efG. #,5anrol yere ysed as-saMlgs- 19 examine effect, sample

ereof on the cytotoxic activity of complement and antibody drug for
Btergpemahiad Blrkm [fhphdaatRiptsis ydeelyampregmipdure as

siagiafern hydtolysate mbduwrereparsd v Ereparation Fxample WS was

uséd as Sample A, and the lactoferrin hydrolyzed peptide (lactoferrin
opafEye# compared with that observed with Sample A.
However, with addition of Control B, such increase of the
activity was not observed.

That is, it was confirmed that Sample B, which was a
component contained in Sample A, also had an action of
enhancing CDC (complement-dependent cytotoxicity).
Furthermore, because enhancement of the reaction by CbC was
not confirmed with Control B, which was a substance similar
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
L.actose (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



peptide) prepared in Preparation Example 2 was used as Sample B.
Moreover, as control samples, commercially available bovine lactoferrin
(Morinaga Milk Industry Co., Ltd.) was used as Control A, and protamine
-sulfate was used as Control B. (2) Tégt method Raji cells in the
logarithmic growth phase were used as target cells. Raji cells collected by
centrifugation of a cell suspension were suspended in fresh culture broth

RPNt hpleRe ) 260 ABA M RhER HERETS L£F4-Vell Plate HERD
M0k 10X 108 cellshuedl. 10 eaghswells ridpal (1 |y/)) aed 4+Qn

mg/ml as a final concentration of Sample A, Sample B, Control A or
casittst BN@r MediGm- (XAt Brota} instdRAgH the b e pwehd addégme)
ingrthgRJRaR AosH3I serpea (AR Iwelwas added akafinabutomatic

concentration of 10%. Then, the cells were cultured in a COZ2 incubator
cagsheul BhPYRGSBILAS iddi6s oF SngRihvhs RFREHUmRethe i8st
olPaNH Ui el hegultuse. Hftergemplatipnoftha gultires afidhe Rai cells

were collected by centrifugation to remove the supernatant, and the cell
eRhaGLBg FERERENT 55 A OF PES b s LB -Ti%: 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

[RrepacrbiemidingWRterE In this test, the cytotoxic activity was
prafsatated ol aceordaasawithdhe deltovéng eeatipy. Gytbload agtivity

, )= umber of Pl gosiive cel) (Totalcell pymben)x 100.(3) s
Crystalline cellulose {Wako Pure Chemical Industries,
20 g) was placed in a 1000-ml volume mortar (Nakashima Mfg.
" Co., Ltd.), added with 20 ml of water and mixed. Then, to
the mixture, 25 g of lactose {Maigret) sifted beforehand
through a 48-mesh sieve (Wakamori) was added, and 55 g of
the lactoferrin hydrolyzed peptide prepared in Preparation
Example 2 was added and mixed. The obtained wet mass 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 intc 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



The results of this test are as shown in Fig. 1. As clearly seen from the
results shown in Fig. 1, when Control A was used as a sample, the
cytotoxic activity [number of dead cells (%)] was comparable to that
observed with Medium (culture broth49In contrast, when Sample A was
used, the cytotoxic activity increased, and furthermore, when Sample B
separated from the lactoferrin hydrolysate mixture as Sample A was
efifed;linoaseloitied sptotydio bothiity weas iobiseyved cempibediwitt thigt
oBRSSEANIN,BAIPIE A HANEYCl WP AU O 0LCRRUOLG HThs e
Increase of the activity was not observeﬁ. hat is, it was“confirred that
Sample B, which was a component contained in Sample A, also had an
1Agton of gfhgﬁgiﬂg $GRE (fg@plement-dependent cytotoxicity).
Furthermore, because en%ancement of the reaction by CDC was not
confirnBed antheC diteol B tihieh irsgredibstiined sirhitardiiSalnple Baawer

tﬂ%ﬁ!%?aﬂgéimﬂﬂ aals. Az aiso; slHgidaged thaihe Property Qltiee rom
peptide (basicity) did not necessarily affect the action of enhancing the
arEgRATBY DS YOARBEDRRRIGhEse résiterii wassteohdagacewe s milk,

1 8cligh obenhaning: e¥oIgNiG astiviyeofantibedy dugrARd Fopplepgnt
was an action extremely specific to Sample A (lactoferrin hydrolysate

ePRRFANS SHRBROBHACRTEAT BEred pRpRadeRitharatorr EXARPAY3]
aPreparatian ofa drddonganass therapyiitiizingelaetafarinydralysaignor

mixture as active ingredient Lactose (Maigret, 600 g), maize starch
cenisshramobeMififd ehentdy 4obideenrraline BERiose WkepaR e -
i€henyealindusiiies p4QR-6) ard e taciaferin bydrolisate: MiXWeity of

produced in Preparation Example 1 (600 g) were )
complement and antibody drug for tumor cells having
resistance td the antibody drug. That is, combined used of
the drug of the present invention meets the reguest for
continuously performing a therapy with an antibody drug
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.



sifted through a 50-mesh sieve (Yamato Scientific), placed 39 in a

polyethylene bag having a thickness of 0.5 mm, mixed by inversion and

filled in capsules (Japan Elanco, gelatin capsule No. 1, Op. Yellow No. 6

Body, empty weight: 75 mg) in an amount of 275 mg/capsule by using a

full automatic capsule filling machine {Cesere Pedini, press type) to

obtain 7000 capsules of the drug having an effect of enhancing cytotoxic

activity of antibody drug. [Preparation Example 4] Preparation of a drug

for cancer therapy utilizing lactof {gg 1%/éirolyzed peptide as active

ingredient Crystalline cellulose (Wako Pure Chemical Industries, 20 g)

ves placad 2900 e morig (st Mo Sas L. e -

ed,wit ml of water and mixed.. Then, to the mixture, 0 s

anl%ajé%o%%y(Mg%Pe%) sitted ngoréﬁrgﬁ" Qtﬁyoug%hg r4%E-:‘|¥1esﬁ%;ie\(/:é31 f\?ffﬁ amdhyt "

CORBE LEHBd 2ard 55 QL6 tHé I stERi Bydrelyzed heptidle prepated imed by
hyBrepayationy Examplé2-was adided andmixedl Theobtaipedaveimaassas an

acwgénple@e%9%%@-@2%}{?5\&%&%@%%@ manyally %ﬂ&&dqu?“@mg

) %tgingenss,%eglgpl%tg r %/II‘I to i:prepare granules, and the granules
Wérd qiickly and unitsrmiy Histibutéd: CHRcét ind drfst antdridefaesEEn t e
WIfpF fwB days fo bbRie T drantiles: These grandies Were siftstthroughtape
or20: mesh:pelyetbylena sievei(Wakamor)wand:the-graaslespassed and  (n)
asthéglu%@mgeygmgiseoﬂggd on a large paper sheet, added with 2 g of
magnesium stearate (Kanto Kagaku) sifted through a 48-mesh sieve

beforehand arcbmatke tniformgby: eanial maixingi dhe gFanules wereseg 1o
nomasle intg fablets in a tablet making machine (Kimura Seisakusho, Model
KT-2) using an R pestle having a diameter of 8 mm with setting
(b) a peptide having the aminc acid sequence of SEQ ID

NO: 3.

2. The drug according to «c¢laim 1, wherein the

hydrolytic enzyme is pepsin.

3. The drug according to <c¢laim 1 or 2, wherein
degradation rate of the lactoferrin hydrolysate is & to
20%.

4. The drug according te any one of claims 1 to 3,
wherein the lactoferrin hydrolysate has a number average
molecular weight of 500 to 5000.

5. The drug according to any one of claims 1 to 4,
wherein the cancer is any one of breast cancer, B-cell

lymphoma or colon cancer.

6. The drug according to any one of claims 1 to 3,
wherein the cancer 1s a cancer having resistance to the

antibody drug.

7. The drug according to any one of claims 1 to 5,
wherein the action of enhancing cytotoxic activity of the
antibody drug 1is an action of increasing sensibility of
target cells to the antibody drug.



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 40 effect of enhancing cytotoxic activity of
antibody drug containing about 50% the lactoferrin hydrolyzed peptide.
Industrial Applicability Because the ‘aktive ingredient of the drug for cancer
therapy used in the present invention can be obtained from a
comparatively inexpensive raw material such as cow's milk, it can be
g . preduged;in alargerscale. inyrtheymere <by-enhancing-gytotexig activity; ofoay
comglement an%:l%]{t)igodyg drgg with the dru%é)j@the resent invention
ien

drt%l?getriuraﬁ%r Cells canbe efficie %’Iyiﬁleﬁ%rrllnjur‘ed. Urthermor ,rllfg%oany

OnRad AR BffeEt Gf rEdcVetify ShotbRie activity BEEdnipiémeRPaid antisody (&

andrugofor dsman cells haeingresistarcesto the antibody drug. That is,
combined used of the drug of the present invention meets the request for
contindously perorAfng R therdpy WitlPar RRtiBGdy dRRT eveAFora SEQ ID

NOpattentdraving 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. 41 CLAIMS 1. A drug for
enhancing cytotoxic activity of an antibody drug in an antibody therapy 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, wherein said

lactoferrin hydrolysate comprises any one type or a mixture of the

following two peptides of (a) and (b) as an active ingredient: (a) a peptide

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

having the amino acid sequence of &Q ID NO: 3. 2. The drug according

to claim 1, wherein the hydrolytic enzyme is pepsin. 3. The drug

according to claim 1 or 2, wherein degradation rate of the lactoferrin

hydrolysate is 6 to 20%. 4. The drug according to any one of claims 1 to

3, wherein the lactoferrin hydrolysate has a number average molecular

weighbof 800 tp5000. 5.aFHadrugraccondimg te @hy orsrokclamsf 6=, ID
No wherein the cancer is any one of breast cancer, B-cell lymphoma or colon

cancer. 6. The drug according to any one of claims 1 to 5, wherein the

canger igzEcafter haing resistandetothe lantibody drug 7 Theédrugpncer

is aceeydingrte aryone.af claims-34e 6r Wherein the actienwigrhapeingc1on
c alg%gq_loxic activity of the antibody drug is an action of increasing sensibility
of target cells to the antibody drug. 41a 8. A drug for enhancing cytotoxic

activity. ofareaniibady £lrdeg inl anantibody therapy obeanger, viigh in  the

cazg%%l%;??saa@ar%‘ééyﬁ%@ Admixture of the followipg two.neptides of (a),

as an active ingredierit:
11. The drug accerding to any one of claims 8 to 10,
wherein the action ¢f 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
cne of claims 1 to 11.

13, Food or drink comprising a lactoferrin hydrolysate
that can be obtained by hydrolyzing lactoferrin with =
hydrolytic enzyme and has an actlion o¢f enhancing cytoteoxic
activity of an antibody drug used for an antibody therapy
of cancer and attached with an indication that the food or
drink is wused £for enhancing c¢ytotoxic activity of an
antibedy drug wused for an antibody therapy of cancer,

wherein sald lactoferrin hydrolysate comprises any one type
or a mixture of the following two peptides of {a) and (b}

as an active ingredient:

{a} a peptide having the amino acid segquence of SEQ ID
NO: 2; and
(b} a peptide having the amino acid sequence of SEQ ID

NO: 3.

14, A drug for an antibody therapy of cancer, which
comprises a lactoferrin hydrolysate that can be obtained by



(a) a peptide having the amino acid sequence of SEQ ID NO: 2; and 42
(b) a peptide having the amino acid sequence of SEQ ID NO: 3. 9. The
drug according to claim 8, wherein the cancer is any one of breast
cancer, B-cell ymphoma or colon cancer. 10. The drug according to claim
8 or 9, wherein the cancer is a canck? 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

nyincseasing sensiility of target gelis to the ﬁr?}%l% dy drug. 12, Faod ot drink_,
y(:om ?%ingysthe drug according to any one o claim%é 1ut% 1%%}?9!?@0 %E} a0

2D HHRR SOmpriSH a ladferrihydrolysate: Ih&FCa b obtaifgyin  said
Lz ayadotyzing ldersterrinywithea hydroiyticeenzyme ané hastan actioa ofiixture
of eRhancingloyietoxic activity-ofaniantibedy deug used fopan aptihedy: -+ 5 ve
inH}eerg%ncEf‘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 ©f caneen wherein saichlacteferan bydrolysate o+ sz 1D
compri%:ariy; opg type or a mixture of the following two peptides of (a)
and (b) as an active ingredient: (a) a peptide having the amino acid
seguenge ok SEQUD NE@:i2gandh@d) ampeptide bawingdhe amino acidsrg 10
sequengg of SEQ ID NO: 3. 14. A drug for an antibody therapy of cancer,
which
15. The drug according to claim 14, wherein the

hydrolytic enzyme is pepsin.

16. The drug according to claim 14 or 15, wherein
degradation rate of the lactoferrin hydrolysate is 6§ to
20%.

17. The drug according to any one of claims 14 toc 16,
wherein the lactoferrin hydrolysate has a numbe® average

molecular weight of 500 to 5000.

i8. The drug according to any one of claims 14 to 17,
wherein the antibody drug is an anti-CD20 antibody, anti-
HERZ monoclonal antibody or anti-17-12 (human tumor-related
epithelial cell adhesion factor) antibody.

19. The drug according to any one of claims 14 to 18,
wherein the cancer 1is a cancer having resistance to the

antibody drug.

20. A drug for an antibody therapy of cancer, which
comprises any one type or a mixture of the following two
peptides of {a} and (k) and an antibody drug as active

ingredients:

(a} & peptide having the amino acid seqguence of SEQ ID
NO: 2; and

(b} a peptide having the amino aclid seguence of SEQ ID

NC: 3.



comprises a lactoferrin hydrolysate that can be obtained by 43
hydrolyzing lactoferrin with a hydrolytic enzyme and an antibody drug as
active ingredients, wherein said lactoferrin hydrolysate comprises any
one type or a mixture of the following two peptides of (a) and (b) as an
active ingredient: (a) a peptide havifi§g the amino acid sequence of SEQ
ID NO: 2; and ~) a peptide having the amino acid sequence of SEQ ID
NO: 3. 15. The drug according to claim 14, wherein the hydrolytic enzyme

is pepsin. 16,chesdiug accordingtaglainsl4 er 45 whegein degradation: he

ate of the lactoferrin hydrolysate is 6 to_20%, 17._The drug according t
anéﬁié 3N of cﬁ%:lﬁ?s 141t§/ 16, sz\llhereﬁﬁa%ﬁe é{%{)%ferrirﬁl %gé}rgoﬁy dte haasné“l% HER?

MORGMbET Averadfet MuteeulareighPSf500 f0l5000. Haathe drigdcchrding =

eptocamyl 0né of eldimsdietoibn, Mieteinthemniibody drug is an anti-CD20
antibody, anti- HER2 monoclonal antibody or anti-17-1A (human .
tumdrérelatBg EhitHblidI e abinsSiorfattoP dhtitod§ 19 rhe'@rge in the

caaceording t® amnore of elaims 14:=tei18; awherein thiéeancerisaigancery .
having resistance to the antibody drug. 20. A dr%r an antibody therapy

of cancer, Whith Tompriseahy ofi& Type of Athixtdrad5tthe TBRGwirffvo °©
obpeptides of(#) ahd ds)cdnd: anantibedy digyas active tihgredientydayaytic
enbeplideshaving thesamina-acid seguence AESEQ I NOs2iandctivity of
an antibody drug in an antibody therapy of cancer for the
production cof a drug for enhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer, wherein
said lactoferrin hydrolysate comprises any one type or a
mixture of the following two peptides cof {(a) and (b) as an

active ingredient:

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

(b) a peptide having the amino acid ssquence of SEQ ID
NO: 3.

24, Use of any one type or a mixture of the following
two peptides of (a) and (b) for the production of a drug
for enhancing cytoctoxic activity of an antibody drug in an
antibody therapy of cancer:

(a) a peptide having the amino acld seguence of SEQ ID
NO: 2; and



(b) a peptide having the amino acid sequence of SEQ ID NO: 3. 44 21.
The drug according to claim 20, wherein the antibody drug is an
anti-CD20 antibody, anti-HER2 monoclonal antibody or anti-17-IA (human
tumor-related epithelial cell adhesion factor) antibody. 22. The drug
according to claim 20 or 21, wherein4he cancer is a cancer having
resistance to the antibody drug. 23. Use of 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 in an
antibody therapy of cancer for the production of a drug for enhancing
cytotosic aetivigpdfiaiz amibody drbg ireanantibody therapyof€eangerszg 1o

nowherein said lactoferrin hydrolysate comprises any one type or a mixture
of the following two peptides of (a) and (b) as an active ingredient: (a) a
peptide having the amino acid sequence of SEQ ID NO: 2; and (b) a
peptide having the amino acid sequence of SEQ ID NO: 3. 24. Use of any
one type or a mixture of the following two peptides of (a) and (b) for the
production of a drug for enhancing cytotoxic activity of an antibody drug in
an antibody therapy of cancer: (a) a peptide having the amino acid
sequence of SEQ ID NO: 2; and 45 (b) a peptide having the amino acid
sequence of SEQ ID NO: 3.



1/5 SEQUENCE LISTING <110> Morinaga Milk Industry Co., Ltd. <120>
Drug for Cancer Therapy <130> FP1600PC5001 <150> JP2004-80454
<151> 2004-03-19 <160> 3 <17G>PRatentln Ver. 3.1 <210> 1 <211> 708
<212> PRT <213> Bos taurus <220> <221> sig_peptide <222> (1)(19)
<223> Lactoferrin <400> 1 Met Lys Leu Phe Val Pro Ala Len Leu Ser Leu
Gly AlaLen Gly Leu 15 10EEERES L ISG IARa Ala Pro Arg Lys Asn Val Arg
Trp Cys Thr lle Ser Gin 20 25 30 Pro Glu Trp Phe Lys Cys Arg Arg Trp
Gin Trp Arg Met Lys Lys Leu 35 40 45 Gly Ala Pro Ser lle Thr Cys Val

< ‘0>A¥QTAP§%&|§‘ﬁHeIA 43L&y e dyd2/5 50 55 60 lle Arg Ala lle Ala Gin Lys
Lys Ala Asp Ala Val Thr Leu Asp Gly 65 70 75 80 Gly Met Val Phe Gin

20 R Gy Arg Asp Pro Tyr Lys Len Arg Pro Val 85 90 95

<130> FP1600PC5001

150> JP2004-80454
151> 2004-03-19

60> 3
{170> PatentIn Ver. 3.1

<210 1

211> 108

212> PRT

<213 Bos taurus

L2207

221> sig peptide
222> (19
{223> Lactoferrin

<4005 1

Met Lys Leu Phe Val Pro Ala Leu Leu Ser Leu Gly Ala Leu Gly Leu

1 5 10 I5

. Cys Leu Ala Ala Pro Arg Lys Asn Val Arg Trp Cys Thr Ile Ser Gln
20 - 25 30

Pro Glu Trp Phe Lys Cyvs Arg Arg Trp Glan Trp Arg Mei{ Lys Lys Leu

| 35 40 45

Gly Ala Pro Ser Ite Thr Cys Val Arg Arg Ala Phe Ala Leu Glu Cys



Ala Ala Gin lle Tyr Gly Thr Lys Gin Ser Pro Gin Thr His Tyr Tyr 100 105
110 Ala Val Ala Val Val Lys Lys Gly Ser Asn Phe Gin Leu Asp Gin Leu
115 120 125 Gin Gly Arg Lys Se&?gs His Thr Gly Leu Gly Arg Ser Ala
Gly Trp 130 135 140 lle lle Pro Met Gly lle Len Arg Pro Tyr Leu Ser Trp
Thr Gin Ser 145 150 155 160 Len Gin Pro Len Gin Gly Ala Val Ala Lys
#he Phe Ser Ala SebTys 165 170 175 \&l Pro Cys lle Asp Arg Gin Ala

He ALY A% ﬁ%nAhgncﬁyig'lyLseﬂﬁyﬁs Fplﬁpalﬁaﬁ 180 Lys ggsbe P%if],@'v Gin Asn

Gin Cys Ala Cys Ser Ser Arg Gin Pro Tyr 195 200 2 e Gly Tyr Ser
65 Gly Ala Phe Lys®@®ys Leu Gin Asp Glj%Ala Gly Asp 210 2181220 Val Ala

6ly Moy YabhySRINATRNGT)r gl RPS RN ASTLLY ra,Gip g, 225 230 235
: 240 Ala Asp Arg Asp Gin Tyr Gin Len Len Cys Len Asn Asn Ser Arg Ala

245 250 25%%Pro Val Asp Ala PH& Lys Gin Cys His L8f Ala Gin Val Pro

Ala APETGTHS 126G 6% R7Qrladag Vashla AYa BenVakAser@Erlys Gin Asp -
Len lle Tr@ Lys 275 280 285 Len Leu Ser Lys Ala Gin Gin Lys Phe Gly

Lys AsntPYs Ser Arg Ser 29d%95 300 Phe Gin LE Phe Gly Ser Pro Pro
Ala V@ly APINAIGASPIEEU ke Rhse ke n3PRe3dh 31 380 3B Asp Ser Ala Len

GlylF;?e Lea Arg fie Pro i32%r Lys Val Asp Ser 1,62\I5a 325 330 335

Gln Gly Arg Lys Ser Cys His Thr Gly Leu Gly Arg Ser Ala Gly Trp
130 135 140

{ie Ile Pro Met Gly Ile Leu Arg Pro Tvr Leu Ser Trp Thr Glu Ser

145 150 155 160

Leu Glu Pro Leu Gin Gly Ala Val Ala Lvs Phe Phe Ser Ala Ser Cys

165 170 175
Val Pro Cys Ile Asp Arg Gln Ala Tyr Pro Asn Leu Cys Gln Leu Cys
180 185 150
Lys Gly Glu Gly Glu Asn Gin Cys Ala Cys Ser Ser Arg Glu Pro Tyr
195 200 205

Phe Gly Tyr Ser Gly Ala Phe Lys Cys Leu Gin Asp Giy Ala Gly Asp
210 215 220

Val Ala Phe Val Lys Glu Thr Thr Val Phe Glu Asn Leu Pro Glu Lys

225 230 235 240

Ala Asp Arg Asp Gin Tyr Giu Leu Leu Cys Leu Asn Asn Ser Arg Ala

_ 245 250 255

Pro Val Asp Ala Phe Lys Glu Cys His Leu Ala Gln Val Pro Ser His

260 265 270
Ala Val Val Ala Arg Ser Val Asp Gly Lys Glu Asp Leu Ile Trp Lys
275 280 285

Leu Leu Ser Lys Ala Gin Glu Lys Phe Gly Lys Asn Lys Ser Arg Ser
290 295 300

Phe Gin Leu Phe Gly Ser Pro Pro Gly Glan Arg Asp Leu Leu Phe Lys

305 310 315 320



Asp

Leu

Thr

Val

Gly

386

Val

Tyr

Asn

Thr

Leu

465

Asp

Thr

Gly

Gln
Tyr
545

Phe

Ala

Len Tyr Leu Giy Ser Arg Tyr Leu Thr Thr Leu Lys Asn Leu Arg Gin 340
345 350 Thr Ala Gin Gin Val Lys Ala Arg Tyr Thr Arg Val Val Trp Cys Ala
355 360 365 Val Gly Pro Gin Gin@ig Lys Lys Cys Gin Gin Trp Ser Gin
Gin Ser 370 375 380 Gly Gin Asn Val Thr Cys Ala Thr Ala Ser Thr Thr
Asp Asp Cys lle 385 390 395 400 Val Leu Val Len Lys Giy Gin Ala Asp
205 BEu Ipsnqlantheg-enAaaylhos m1 er1by STy lleATyrSThriAta Gly Lys Cys
Gly Leu Val gro Val Lea Ala Gin 420 425 430 Aso Argdzys Ser Ser Lys
His Ser Ser Leu Asp Cys Val Leu Arg Pro 435 440 445 Thr Glu Gly Tyr
Tul&ln &1 208 eg \FaT Uyt (N Al Al &7s G 450 488 660 Leu Thr Trp
Asn Serj4gu Lys Asp Lys Lyg ger Cys His Thr Alagypl 465 470 475 480
Asp Arg Thr Ala Gly Trp Asn lle Pro Met Gly Leu lle Val Asn Gin 485 490
HosOith Sy Y sk Les & m L phd VAshsite pHa lpe! SEirdinssEieCys Ala Pro
500585 510 Gly Ala AspsBiro Lys Ser Arg Lendgys Ala Len Cys Ala Gly

sp.Asp, 515 520 525 Gin Gly Leu Asp Lys Cys Val Pro Asn Ser Lys Gin
@'EBIF F GV By 55B B ko U3 Ot O&1y TAm BReAREY S¢eu Ala Gin
#igp Val Giy Asp ValAl 545 550 555 56¢g¢Phe Val Lys Asn Asp Thr Val
SP eTrp Ala Lys

i S A e R R S
390 395 400
Leu Val Leu Lys Gly Glu Ala Asp Ala Leu Asn Leu Asp Gly Gly
405 410 415
He Tyr Thr Ala Gly Lys Cys Gly Leu Val Pro Val Leu Ala Glu
420 425 430
Arg Lys Ser Ser Lys His Ser Ser Leu Asp Cys Val Leu Arg Pro
435 440 445
Glu Gly Tyr Leu Ala Val Ala Val Val Lys Lys Ala Asn Glu Gly
450 455 460
Thr Trp Asn Ser Leu Lys Asp Lys Lys Ser Cys His Thr Ala Val
470 475 480
Arg Thr Ala Gly Trp Asn Ile Pro Met Gly Leu Ile Val Asm Gln
485 490 495
Gly Ser Cys Ala Phe Asp Glu Phe Phe Ser GIn Ser Cys Ala Pro
200 505 510
Ala Asp Pro Lys Ser Arg Leu Cys Ala Leu Cys Ala Gly Asp Asp
5815 520 525
Gly Leu Asp Lys Cys Val Pro Asm Ser Lys Glu Lys Tyr Tyr Gly
530 535 540
Thr Gly Ala Phe Arg Cys Leu Ala Glu Asp Val Gly Asp Val Ala
550 555 560
Val Lys Asn Asp Thr Val Trp Glu Asn Thr Asn Gly Glu Ser Thr
565 570 575
Asp Trp Ala Lys Asn Leu Asn Arg Glu Asp Phe Arg Leu Leu Cys



4/5 580 585 590 Len Asp Gly Thr Arg Lys Pro Val Thr Gin Ala Gin Ser
Cys His Leu 595 600 605 Ala Val Ala Pro Asn His Ala Val Val Ser Arg
Ser Asp Arg Ala Ala 610 615 620 43ig Val Lys Gin Val Leu Leu His Gin
Gin Ala Leu Phe Gly Lys Asn 625 630 635 640 Gly Lys Asn Cys Pro Asp
Lys Phe Cys Leu Phe Lys Ser Glu Thr Lys 645 650 655 Asn Len Leu Phe
Asn Asp@&én Thr Gin Cys Leti®Ala Lys Leu Gly GIy%860 665 670 Arg Pro

Leu A&y Cw @i @i Tys lray @y Thr Gin Ryh ah T Aladig; 643680 685 Ala
Asn Len Lys Lys Cys Ser Thr Ser Pro Leu Leu Glu Ala Cys Ala 690 695

700 °Bhe Leu Thr Arg 7089%210> 2 <211> 2802125 PRT <213> Bos

Ala tYrass Q0 Rhe s Yoy STATOsAr TgpseinAE 0 MBI AYIELlLyS Lys Len
gl AlaPro 151015 Serlle Thr Cys Val Arg Arg Ala Phe 20 25 <210>

211> 26 <212> PRY <213> Bos taur
His Val Lys Gln Val Leu Leu His GIn Gin Ala Leu Phe Gly Lys Asn

625 630 635 640
Gly Lys Asn Cys Pro Asp Lys Phe Cys Leu Phe Lys Ser Glu Thr Lys
645 650 655
Asn Leu Leu Phe Asn Asp Asn Thr Glu Cys Leuw Ala Lys Leu Gly Gly
660 665 670
Arg Pro Thr Tyr Glu Glu Tyr Leu Gly Thr Glu Tyr Val Thr Ala Ile
675 680 685
Ala Asn Leu Lys Lys Cys Ser Thr Ser Pro Leu Leu Glu Ala Cys Ala
690 645 700

Phe Leu Thr Arg

705

<2107 2

QUL 25

212> PRT

{213> Bos taurus

<400> 2
Phe Lys Cys Arg Arg Trp Gln Trp Arg Met Lys Lys Leu Gly Ala Pro
i 5 10 I5
Ser [le Thr Cys Val Arg Arg Ala Phe
20 15

210> 3

211> 26

212> PRT

<213> Bos taurus



5/5 <400> 3 Phe Lys Cys Arg Arg Trp GIn Trp Arg Met Lys Lys Lea Gly
AlaPro 151015 Serlle Thr Cys Val Arg Arg Ala Phe Ala 20 25

5/5
{400 3
Phe Lys Cys Arg Arg Trp Gln Trp Arg Met Lys Lys Leu Gly Ala Pro
I 5 10 5

Ser Ile Thr Cys Val Arg Arg Ala Phe Ala
20 25



