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Microarray analysis of mRNAs extracted from the Peyer's patch
ce‖s ofrnice given a dietincluding Esc力 eric力 lia co〃 and its specific
bovine milk lgG
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F� e―week― old mice were given a diet consisjng of ovalbumin alone(OVA,control diet)or a mixture of OVA,
Escわ erfcわ′a cο″,and ls specric bOvine mllk lgG(lgG/E coノ ルadded diet)as a prOtein source for 5 weeks,and mRNAs

extracted from Peyer's patch ce‖ s ofthe mice llvere analyzed by means of[)NA microarray tthe gene expression of
proteins relating to lmmunoglobu‖ n production and development ofimmune diseases was reduced in mice given the
lgG/E cOノだadded diet compared with those given the control diet in contrast,the gene expression of marker proteins on

丁hl,丁 h3,and negatively regulatory~「 ce‖ sA/vas noticeably increased On the other hand,Peyer's patch ce‖ s from mice

thathad notbeen given any E cο ノ′or milk lgG were cultured NA/ith milk 19G,E co〃 ,or a mixture of E co〃 and its specific

milk lgG,and were sublected to a ce‖ function analyzer tthe numbers of CD19+celis and inteneukin_4+CD4キ celis

increased significantly when the ce‖ s IA/ere Cultured vvith either m‖ klgG or E co〃 ,vvh‖ e the mixture of E co〃 and its

specific m‖ k!gG hardly influenced the numbers ofthese ce‖ s tthese results indicate that the result obtained by[)NA

microarray analysisis not due to free milklgG or E co″ alone,butis attributable to a mixture of E.co〃 and lts specific lgG,

suggesting that a mixture of E coノ ′and its specific igG in intestinal tracts vノ ould reduce the development of a‖ ergic

symptoms and autoimmune diseases

Mikroarray… Analyse von aus Ze‖ en Peyer'scher Platten extrahierten mRNAs von Mausen mit einer Ration unter
Einschluss von EscrTericゎ ′a co″ und dem spezifischen bovinen Milch… 19G

Funf VVOchen alte Mause erhiehen als巨 iwettquelle eine Ralon aus Ovalbumin allein(OVA,Kontrolle)oder eine
Mischung von OVA,Escわ e″cわ′a co′′und dem spezilschen bovlnen Milch― !gG(lgG/E cOノ ルRalon)山 ber einen Zeitraum

von 51A/ochen Die aus den Ze‖ en der Peyer'schen Platten der N4ause extrahierten mRNAs wurden mithilfe eines[)NA―

A/1ikroarrays analysiert Die Genexprin∩ ierung der Proteine hinsichtlich der lmmunglobu‖ nbildung und die ttntwicklung

von lmmunkrankheiten war bei N41usen reduziert, die die lgG/E co′だRation erhalten hatten, irn Vergleich zu den

Versuchstieren,denen die Kontro‖ ration verabreicht 17vorden vvar lm Gegensatz hierzu war die Cenexprimierung der

N4arkerproteine auf tth l, Th 3 und negativ― regulatorischen 丁―Ze‖ en deutlich erhё ht Zenen der Peyer'schen von
N4ausen,die keine E co〃 und kein N4ilch― lgG erhalten hatten,wurden mitヽ lilch― lgG,E co″ oder einer Nllischung von E

cOノ′und dem speziflschen N/1ilch― lgG kultiviert und mit einem Ze‖ funktionsanalysator untersucht Die Anzahl der(〕 D19+―

und der lnterleukin-4+CD4+― Ze‖ en erhё hte sich signifikant bei Kultur der Ze‖ en ent17veder mitヽ4ilch― lgG oder E co″
,

vvahrend die卜Иischung von E coノ′und dem spezifischen Vilch― lgG die Anzahi dieser Ze‖ en kaum beeinflusste Diese

Befunde zeigen, dass die Ergebnisse der DNA― Nlikroarray― Analyse nicht auf freies 1ヽ11ch‐ lgG oder E co〃  a‖ ein

zurじckgehen,sondern einer N4ischung von f_coノ′und dem spezifischen 19G zuzurechnen sind Die Befunde weisen

darauf hin,dass eine N4ischung von E co/1 und dem spezifischen lgG irn intestinaltrakt de Entwicklung a‖ ergischer

Symptome und Autoimmunerkrankungen reduzieren durfte

1 6 Allergies(mOdulalon in mice),autOimmune
diseases(mOdulation in mice)

16 Allergien(MOdulalon bel Mausen),AutoimmunⅡ
erkrankungen(Modulalon bei Mausen)

1. introduction

in prevlous papers,OHNUKl er aノ (1)repOrted that the
ora:  ingestion  of  bovlne  milk  lgG  suppressed
immunoglobulin produclon in mice,while MIZUttANl er

a′ (2)obseⅣed that bovlne milk lgG slmulated the
production of immunoglobu‖n in mouse spleen ce‖
culures ln another paper, OHNUKl and OTANI(3)
demonstrated that the different effects of m‖ k lgG on
immunoglobu‖ n production obseⅣ ed fo‖ owing oral
ingestion and in spleen ce‖  cultures might be due to

differences ln the receptors for lgG present on
accessory ce‖ s, ie,the antigen―free milk lgG binds to

accessory cells through the Ftt receptor type l(FttRI)

and increases immunoglobulin production vvh‖e the
complex of Escわettcわ′a co〃 and lts specific rnilk lgG

binds to accessory ce‖ s through Fci/receptor type ‖b

(FttRllb)and Suppresses immunoglobulin produclon lt
is unclear,hovvever,hov/the oralingestion of a mixture

of E co″  and its specific milk lg(〕 influences gene

expression relating to the productlon ofimmunoglobulin

ln this paper, mice were given a diet consistin9 of

ovalbumin(OVA),E cO″,and ls speclic bovine milk
19G as a protein source, and mRNAs extracted from
Peyer's patch ce‖ s of the mice were compared with
those of mice glven a diet consisting of OVA alone by
means of DNA microarray

2. Materia:s and rnethods

丁his experiment was conducted in accordance with
the gulde‖ nes for the Regulation of Animal Experimen―

tation at Shinshu Universlty and according to Lavv No

105 and Notification No 6 ofthe」 apanese government

2.′ νare〃ars

Deined fetal bovine serum (FBS)waS Obtained
from ttqulech― Blo lnc (Kerrville, 丁X, USA)RPMト
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1640 medium was purchased from Nissui Pharma―
ceutlcal(丁 okyo)BiOlegend(San Diego,CA)supplied
phycoeryth‖ n(P巨

)―
labeled antl― mouse inte‖ eukin(lL)-4

monoclonal anibodies(mAb,clone ll Bll),PE― labeled

anl― mouse interferon(lFN)―γ mAb(clone xMG1 2),
PE― labeled anti‐ mouse CD49b mAb(clone DX5),
biOun_labeled anti― mouse CD4 mAb(clone RM4-5),
biojn― labeled anti― mouse CDllb mAb(clone M1/70),
bioln― labeled anJ― mouse CD19 mAb(clone MB19-1),
and  phycoeryth‖ n/cyanine  5  (P巨 /Cy5)― labeled

streptavidin Brefeldin A(BFA),ionOmyCin,and phorbol
12-mynstate 13-acetate(PMA)were Obtained from
Wako Pure Chemical lndustries (Osaka, 」apan)
lntraPrep Permeabillzation Reagent was bought from
Beckman Coulter lnc, 丁okyo A defined protein― free

pu‖ ied diet(PM15765)was obtained from Puttna Mills

(St Louis,MO,∪ SA)OVA was obtained from Wako
Pure Chemicallndustnes(osaka,」 apan)Penicillin G
potasslum and streptomycin sulfate vvere obtained
frOm Meり i Seika,Tokyo Guava Viacount Reagent was
purchased from Guava ttechnolo9ieS(HayWard,CA)
Other chemicals were of the highest analytical grade
commercia‖y available

22 3oソ′/7e fη 〃々 ′gC and E.co〃

Bovine milk lgG was prepared from immune milk

(Kanematsu Wellness Corporation, Tokyo, 」apan)
according to a procedure described previously(3)丁 he
strain of E co″ was NBRC 3301,and E co/1 speclfic
bovine m‖ k lgG was prepared according to the method

described in a previous paper(3)

2.3 Feed′ ng ρrocedυre
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were continuously ava‖ able in columnar form from
stainless―steelfeeders Water was provided ad libitum
from drinking bottles The mice vvere maintained at
23[H01]± 2° ()under12 h― light/12h… dark cycles

24 Ce〃 cυノrυres

Peyer's patch ce‖ s、〃ere prepared from mice given

the control o「 lgG/E co′ルadded diet and from 6-Ⅵ/eek―

old male C3H/HeN mice(」 apan SLC)that had not
been given any E co〃 or milk 19G according to the
procedure desc‖ bed previously(3)The Peyers patch
ce‖ s from mice given the control or 19G/E cO′ ルadded
diets were suttected to DNA microarray analysis The
Peyer's patch ce‖ s from the 6-week― old mice were

継どヽ∬どL汐亀

`L/即
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ce‖ s were subiected tO Ce‖ function analysis

2.5 Ce〃 ノし77CriOβ  a/7alys′ s

丁he cultured Peyer's patch ce‖ s were incubated with

mouse Fc block for 15 min at 4=before being reacted

wlth PE¨ labeled anti― mouse mAbs specinc tO cD49b,
Or ヘヽノith biotin― labeled anti― mouse mAbs specific to
CD19 or CDllb for 15 min at 4T Cells already reac―
ted with the biotln― labeled antibody 1/vere further

incubated with P巨 /Cy5-labeled streptavidin for 1 5 min

at 4二  Fina‖ y, a‖  ce‖ sⅥノere analyzed using a Guava
Personal Cell Function Analyzer(Guava PCA,Guava
丁echnologies)

ln the case of CD4+ce‖ s havlng intrace‖ ular cyto―

kines,on the other hand,spleen ce‖ s vvere incubated at

37° C in RP馬 4卜 1640 medium containing 10° /。 FBS, 100
∪/ml penlclllin,1 00 1Jg/ml streptomycln,20 μg/ml BFA,2

μg/mllonomycin and 20 ng/ml PMA for 4 h tthe marker

antigen ofthe ce‖ s vvas reacted w th blotin― labeled anti―

mouse mAbs specric tO cD4(clone RM4-5)for 15 min
at 4° C, and then incubated wth P巨/Cy5-labeled

streptavidln for 15 mln at 4° C intracellular cytokines

were performed by permeabilization of PE― labeled anti―

mouse cytokine mAbs specric tO IL-4o「 IFN―γ Bnely,
the ce‖ sA/vere fixed in lntraPrep regent l After 15 min,

the ce‖s were washed and permeab‖ ized by incubation

w th intraPrep regent 2 丁he cells containing cytokines

were vlsua‖ zed after incubation with PE― labeled anti―

mouse mAbs speclflc to lL-4 orlFN― γ and were analyzed
by means of Guava PCA

26 DNハ 解′croarray analys,s

丁he genome― w de gene expression of Peyer's patch

ce‖ s was examined using N4ouse Genome 430 2 0 Array

(Affymet‖x, Santa Clara, CA, USA), whiCh COntains
45101 probe sets for approximately 34000 mouse
genes B「 iefly, total RNA was extracted from Peyers
patch ce‖s using TRlzol Reagent (lnvitrOgen Life
丁echnologies,Ca‖ sbad,CA,∪ SA)GeneChip analysis
was performed according to the GeneChip ttukaryotic

丁arget Preparalon&Hyb� dlzalon Manual(Affymet‖ x)

Data analysis was performed with GeneChip Operaung
software 1 4 Data are shown as relative expression
levels Relative expression levels were calculated as
fo‖ owsi  Relative expression level = Fluorescence

Table l:Composition oftest diets

Control diet 19G/El cO′たadded
% diet

0010
0040

lgG
E co″
OVA
Dext‖ n
Sucrose
RP mineraF
Corn oil

Lard
Cellulose
RP vlamin十 *

Choline
丁otal

０

０

０

８

２

０

０

０

０

０

０

０

０

０

０

３

１

５

５

５

５

０

５

０

０

０

０

７

１

７

７

７

２

５

１

０

０

０

５

２

７

３

３

３

２

１

０

０

２

３

２

　

　

　

　

　

　

０

24950
32738
27.112
3750
3750
3750
2250
1500
0150

100000

Four―week―old male C3H/HeN mice(」 apan SLC,
Hamamatsu,」 apan)were aSSigned to test regimens
and given a commercial mouse pellet(MF,Onental
Yeast Company,丁 okyo,Japan)for l Week tthey were
then given 750/O PN415765 supplemented vvith 25° /0

0VA(contrOl diet)or a mixture of 24 45%OVA,001%
E co「specittc lgG,and 0 040/。 E co″ NBRC 3301
(lgG/E cOノ ルadded diet)for 5 weeks tthe detalled
composition of each dietis shown in ttable l The diets
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intensity based on mRNAs extracted from mice given
the lgG/E co″ diet/ Fluorescence intensity based on

mRNAs extracted from rnice given the control diet

2,7 Sra〃s〃car anaryS′ s

Ce‖  numbers were expressed as the means ±

standard  deviation  (n=4)  The  significance  of
differences was tested wlth the Student's卜 test

3. Results and discussion

3.イ  Cene express′οη O′ ρrore′ ns reノ a″/7g lo fわ e
′η7′ηυne sysrem′ρ Peyerむ ρaたわce〃s ofβ l′ce
g′ 1/en fわ eE.co〃―adcred dFer

Mlce vvere glven the control or lgG/E co″―added diet

for 5 weeks No significant difference was observed in
body weight between mice given different diets(data
not shown)丁 his indicates that there is little nutrltional

difference between the control and the lgG/E co′ ル

added diets

Flg t尉
烈ku』即attdl器雨『IP秘:'s:�:dl畷

DNA microarray

Figure l shows the distribution of fluorescence
spots derived from 33696 kinds of mRNA extracted
from mouse Peyers patch ce‖s by DNA microarray
丁he fluorescence intensity of 3585 spots was at least

2-fold higherln the lgG/E cO′ ノーadded diet group than in

the control diet group, while that of 4373 spots was
less than 0 5-fold lovverin the former than in the latter

Of the genes that shovved a difference in expresslon
between the control diet and lgG/E.co′ルadded diet
groups, the expresslon levels of those genes relating

to immunoglobulin production and autoimmune dis―
ease are shovvn ln Fig 2 Cd10, Cd122, ‖18r,Tgfbl,

and Pdlim2 increased more than 1 5-fold in mice given
the lgG/E.coノ′―added diet ln comparison vvith those
given the control diet ln contrast, Adattdecl, Cd80,

Cd28, |14, ‖10, Fcerl a, Fcerl b, Fcer1 9,Slc22a4,and

Fcgr3a decreased by less than 0 75-fold in the mice
given the lgG/E co〃 diet compared with those given the

control dlet

丁he proteins transc‖ bed from Adamdecl, Cd10,

Sυθda,ん′′croarray anarysls OF mRN/1s
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added diet

Cd80,Cd28, and Cd122 are decysin,CD10,CD80,
CD28, and CD122, respectlvely Decysin is one of the
marker proteins on mature dendritlc ce‖ s and is absent

on immature dend‖ Ic cells(4),while cD10 is one ofthe

marker proteins present on lmmature B ce‖ s and is

absent on mature B cells and plasma cells(5)Dend‖ uc

cells are professional anJgen― presenung cells(6)CD80
and CD28 are co― factors on antigen―presenting ce‖ s

and tt ce‖ s,  respectively  These co―factors vvere

demonstrated to be essential for the differentiation of

丁hO ce‖ s lnto tth2 ce‖s, which stimulate antibody

responses(7)ln addliOn, CD122 is one of marker
proteins present on negaJvely regulatory tt cells(8)

These facts and the result shown ln Fi9 2 indicate that

the oral ingestion of E coli and its speclfic milk lgG

suppresses immunoglobulin production
丁he protein transcribed from‖ 18r,l14,‖ 10,and ttgfbl

are the lL-18 receptor, IL-4, lL-10, and ttGF¨ β[H02]1,
respectively lL-4 and lL-10 are typical ce‖  markers of

丁h2cells(9),while the lL-18 receptor and ttGF¨β[H03]1
are typical ce‖   markers of tthl  and tth3 ce‖ s,

respectively(10, 11)These facts and the result shov√ n

in Fi9 2 indicate that the oralingestion of E coli and its

specific milk lgG preferably induce the differentlation of

丁hO ce‖ s into Thl and Th3 ce‖ s ratherthan Th2 ce‖ s,

suggesting that the oral lngestlon of E coli and its
specific nlllk lgG suppresses the humoral immune
response,orimmunoglobu‖ n production,and stimulates

the ce‖ ularimmune response
On the other hand,the high― afflnity receptor for lgE,

othemise known as Fc8[H04]reCeptOr l(Fc8[H05]Rl)
thatis expressed on mast ce‖ s is a crucial componentin

a‖ergic responses (12) The prOteins produced by
transcription of Fcerl a, Fcerl b, and Fcer19 are the
α[H06]―Chain of Fc8[H07]RI(Fc8[H08]R卜 α[H09]),the

βC̈hain Of Fc8RI(Fc8[H010]Rl― β[H011]), and the

γ[H012]― Chaln of Fc8[H013]RI(Fc8[H014]R卜 γ[H015]),
respectlvely,and these protelns combine to form the 19巨

receptor   Alloreover,  the  proteins  produced  by
transcripotion of Fcgr3a, Pd‖ m2, and Slc22a4 are Fc
receptorJlke 3 (FCRL3), PDLIM2, and SLC22A4,
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卜じRL3 1S aSsoclated win a su lb山 o several autolm―

TaЫe 2柵驚vL81没PX:�櫛制|♂デ
にm Perr,s path Cdに cunured wtth or w■ ho� 二co″ and ls

Cell
llVtthout lgG

and E cO″
lgG

(50mg/ml) 。0代/叫 004魔鰍り a鴫膀
り

1麗�
E co″

(1 05 cellS/ml)

490± 04
299± 13
45±06
36■02
21±05
12±02

484± 1 1

309■ 10
51■ 06
40±03
19±02
17±03

CD19
CD4
CDllb
CD49b
lFNw+CD4
1L-4+cD4

550± 09★
★

333± 06キ
★

45±09
33± 04
23±03
25±05オ

大

569± 08・
★

330± 13★
★

51± 03
35± 05
21±02
27±04'大

564± 07キ
ス

310±08
50■08
34±05
18■03
18±03

586± 12*決

308±07
54±08
34±03
21±05
22±01★

夫

506±15
293±07
56±05
35±04
22■02
1 1±02

Values significantly differfrom the culture without19G and tt 00″ at★
★
pくO ol

mune diseases including rheumatoid arthritis, and is

hlghly expressed  on  B  ce‖ s  of individuals 1/vith

rheumatoid arth‖ Js(13)
Sim‖ arly, SLC22A4 is the organic catlon/carnitine

transporter  l  and  ls  associated  vvith  chronic
lnflammatory diseases,such as rheumatold arth「 itis and

Crohn's diseases SLC22A4 is expressed in the synovial
lssues of individuals wlh rheumatold arthHJs(14)
AcJvaJon of transcriplon factor NF-1く [H016]B in the
innate immune system is tightly regulated to prevent
excessive inlammatory responses(15)TANAKA et al

(15)demonStrated that PDLIM2 negajvely regulates
NF-1く [H017]B aCtiVity through intranuclear sequestration
and subsequent degradation tthese facts and the result

ShOⅥノn in Fi9 2 indicate that the oralingestion of E coli

and its specific m‖ k lgG suppress the development of
a‖ergic syndromes and autoimmune diseases through
several rnechanlsms

32 E″bcrs ο′E coノノand′rs aρ静綱〃k′gG Oρ めe
ρυ用わer ofimmυβοcο mperer7r Ce〃S′ρ′ηουse
Peyerb ρarcゎ ce〃 cυ′

`υ

res

Peyer's patch ce‖ s from mice that had not been given

any tt coli or milk igG、 へ/ere cuitured wlth tt co‖ alone,

its specific milk lgG alone,or mixtures of tt con and its

specific milk lgG for 72 h, and the numbers of several

kinds of immunocompetent cells were determined As
shovvn in ttable 2,both m‖ k lgG alone and tt coH alone

significantly increased the number of(〕 D19+ce‖ s and iL―

4+CD4+cells in Peyer's patch ce‖  cu‖ ures, while the

mixture of ttl co〃  and its specific nlilk lgG hardly
influenced the either ce‖ number CD19 is a typical ce‖

surface antigen on B ce‖ s,which ifferentiate into plasma

cells(16), and lL-4+CD4+cells are tth2 cells that
stimulate immunoglobulin produclon(10)丁 hese resu‖ s

indicate that both the milk lgC alone and E co〃 alone
stimulate antibody responses butthat a mixture ofthese

does not tthus,the immunomodulatory action obsepred

after the oral administration ofthe mixture of E co〃 and
its specific milk lgG is concluded to be due to the action

of the mixture of E cO″  and its specific milk lgG,
probably a complex of E co″ and lgG, and is not
attributable to正 三 co〃 or milk lg()alone

ln conclusion,the[DNA microarray analysis data in

this paper demonstrate that a dietincluding E co″ and its

specific milk lgG suppresses not only the production of

lmmunoglobu‖ n but also the development of a‖ ergic

syndromes and autoimmune diseases through several
mechanlsms We propose that antigens and their lgG
complexes in lntestinal tracts negatively modulate
immunoglobulin  production  and  suppress  the

Milchwissenschaft 64(4)2009

devetopment of a‖ ergic and autoimmune diseases ltis
suggested that a mixture of edible microo「 ganisms such
as Saccわ aromyces cerey/sfae and S carlsbegeβ sls

and their specific milk lgGs would be useful as an anti―

a‖ergic food ingredient
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