
S
7

〕 that

ovide

s(19i

lVeStト

)fer溢

L act-.

∋culat

汁, the

rth re:

Ml･zutan/･･ Cow'S /gGl and /'mmunog/obu//'n formatJ'on
9

cow's agGl and its proteo]ytjc digests stjmu]ate jmmunoglobu]in

for耶摘⑳n in mouse sp一een ceH cultures

ByAya MrZUTANl･ Hidetaka OHNUKI, Takeshi KAWAHARA and Hajime OTANJ

Graduate Schoo一 ofAgricu]ture, Shinshu University･ Minamjminowa-mural Nagano-ken, Japan･

E_mail: otani84@gipmc･shinshu-u･ac･jp

The aim of this work js to investigate the effect of cow's immunoglobu=n Gl (IgGl) and its gastrointestinal proteinase

digests On the formation of immunog)obulin･ the expression of some cytokine mRNAs･ and the ratio of several immunoI

competent cells in mouse sp)een ce日cultures. lmmunog)obu)in GI was prepared from Holstein cow's co]ostrums･ di-

gested with pepsin･ trypsln, Chymotrypsln, Or Peps)n and pancreatin. Peptide fragments with a molecular mass of Jess
than 20,000 were then recovered from each digest as proteolytic digests for investigatjon･ lntact IgGl and aH its digests

(except for peptic) significantly stimulated lgA formation, while intact lgGl and its digests (especia‖y tryptic) enhanced

]gG formation･ Intact lgGl, and both tryptic and chymotryptic digests noticeably increased mRNA expressions of cyto-

kjnes s.eCreted by type 2 heJperT (Th2) ce】】s such as )L4･ IL-5 and ]L-6･ Moreover, intact ]gGl and aIJ its digests signifト

cant)y )ncreased CD4+and CD19+ ceH ratiosI These resuJts suggest that intact )gGl and its gastrointestina] proteolytic

digests may Stimulate the production of lgA･ a major immunoglobulin in intestinaHracts･ vl'a the modulation of ceH num-

bers and/ or functions of B and Th2 cells.

Bovines )gGl und seine proteolytischen Verdauungsaufsch]uss stimu]ieren die ]mmunglobu)inbildung in M凱l･

se･Mj)zzeHkulturen

Ziel dieser Studie wares･ die Wjrkung von bovinem lmmu.ngJobulin Gl (lgGl) und seinergastrointestinalen Proteina-
seaufschlCISSen auf die Bj)dung von Immunglobu)in, die Exprlmierung ein)ge√ Cytokin-mRNAs und das VerhaJtnis mehre-

rer immunkompetenter Ze"en in M畠use-MilzzelIkulturen zu untersuchen. JmmunglobuJin GI wurde aus dem Kolostrum

von Holstein-KOhen hergeste‖t und mit Pepsin, Trypsin, Chymotrypsln odor Peps)n und Pankreatin verdaut. Peptidfrag一

mente mit einem MoJekulargewicht von > 20.000 wurden damn aus jedem Aufschluss als proteolytische Aufschlusse zur

weiteren Untersuchung gewonnen. )ntaktes lgGl und aIIe Aufsch)usse (mit Ausnahme des peptischen) stjmulierten die

lgA-Bildung signifikant, W白hrend intaktes IgGl und seine Aufsc川usse (insbesondere die tryptischen) die lgG-BHdung

hemmten. Jntaktes lgGl und die tryptjschen und chymotryptischen Aufschli)sse erh6hten slgnifikant den mRNA-

Exprimierung von Cytokinen, die von Typ2-Helfer T (Th2)-Ze日en wie lL14, 】L-5 und lL-6 sezerniert wurden. AuRerdem er-

h6hten intaktes lgGl und seine Aufsch)Osse s]gnifkant das VerhaJtnis CD4'- und CD19㌔ Diese Ergebnisse Jassen ver-

muten, dass intaktes lgGl und seine gastrajntestinalen proteoJytischen Aufschlusse die BHdung Yon )gA, einem wesent-

lichen lmmung)obulin im )ntestjnaltakt, durch Modulation der ZeJIzahlen und/odor der Funktion von B- und Th2-Ze=en

f6rdem keうnnten.

18 ImmunogJobulin Gl (proteoIysis, stimulatjon of lgA)　18 )mmung)obu】in Gl (ProteoJyse, Stimulierung von JGA)

1, )ntroduction

)mmunoglobuJin G (IgG) is the most abundant anti-

body in bovine colostrum･ Cow一s JgG consists of 2 sub-

classes, JgGl and ]gG2･ Morethan 90% is ]gGl in the
COlostrum, aJthough bJood contains almost equal

amounts of )gGl and ]gG2 (1). This fact suggests that

COW's lgGI p)ays a physjolog)caJly JrTIPOrtant rOJe in calf

intestinaJ tracts, in addition to protecting the host against

Pathogenic organisms･

KoBASH) et a/. (2) reported that JgA production of
PeyerJs patch cel一s was higher in X-irradiated mice

JngeSted cow's lgGl, Thus, our study was designed to

jnvestjgate the effects of cow一s )gGl and its gastrointes-

tinal proteolytic digests on the formation of lgA and lgG

(major antibodies jn JocaJ and systemic immunities, re-
spectjve】y), expressions of some cytokine mRNAs, and

ratios of immnuocompetent ce一ls in mouse spleen cel)

cu一tures.

2. Materials and methods

2.1 Materia/s

P Rabbitanti-bovine lgGl and )gG2 serawere obtained

from Nordic lmmunoIogica】 Laboratories (Tilburg, NL口.

Goat anti-mouse IgG was purchased from Jackson

)mmuno Resarch Laboratories (West Grove, PA, USA).
Horseradish peroxidase (HR)-Iabeled sheep anti-mouse

)gG, goat anti-mouse )gA, and HR-]abeled goat anti-

mouse )gA were from Bethyl Laboratories, )nc, (Mont-

gomery, TX, USA). BioLegend (San Diego, CA, USA)
was the supplier of phycoerythrin (PE)-labeled anti-

mouse CD4 monoclonal antibodies (mAb, C)one RM4-

5), PE-Iabe】ed anti-mouse CD49b mAb (clone DX5),

biotin-labe)ed anti-mouse CD8a mAb (clone 5316,7),

T'.一｣..:･:.､1一.∴･ /- "｣∵./rJ;...▲T;
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biotin-labeJed antj-mouse CD19 mAb (C)one MB19-1),

biotin-JabeJed ants-mouPe CDllb mAb (clone Ml/70),

and phycoerythrin/cy.anlne 5 (PE/Cy5) -】abe]ed strepta-

vidin, Pepsln, tryps)n, chymotrypsin and pancreatin

were purchased from Sigma Chemicals (St. Louis, MO,

USA). TR]zoJ reagent was from )nvitrogen Japan (To-

kyo). M-MLV reverse transcrjptase and Taq DNA poly一

merase were obtained from Qiagen (Tokyo). Defined fe-

tal bovine serum (FBS) was from HyCIone Laboratories

(Logan, UT, USA), and RPM)-1640 from Nissui Phar-
maceutical Co, Tokyo･ Rema)n-ng chemicals were of

the highest analytic grade commercia‖y available.

2.2　Co/ostral lgGl

lgGI was prepared from fresh colostrum secreted by

a Holstein cow within 48 h after delivery uslng a combト

nation of ammonium sulfate fractionation and anion-

exchange chromatography. The 19GI subc】ass was

confirmed by means of immunod肝usion with rabbit anti-

bovjne TgGl or lgG2 serum (5).

2,3　PreparatJ'On ofproteo/ytic digest

]gGl (200mg)wasdissolved in5mlofO.01M HCIor
0.01M sodium phosphate buffer (pH 7.5). The IgGI so-

lution was adjusted to pH 2 (for peptic digestion) or 7.5

(for tryptic or chymotryptic digestion) by addition of 1 M
HCJ or NaOH, adjusted to 10 ml with distHled water, and

used as a substrate so)ution, Digestion was carried out

in atesttube atratios of lgGl : proteinase= 50 : 1 (for

pepsin) and 100: 1 (for trypsin or chymotrypsin) With

continuous shaking in a water bath at45□ for 6 h, The

pH of the ]gGI solution reacted with pepsin was imme-
djately adjusted to 7･2 With lM NaOH, and centrifuged

at 3000 rpm for30 min at4口. On the otherhand, in the

case of trypsJn and chymotrypsin, the same amount of

each proteinase was added, and the tesHube was kept

for an additiona) 3 h under the same conditions, Then,

each digestwas immediateIyadjusted to pH 7.2with lM

NaOH or lM HCI, and centrifuged at 3000 rpm for 30

min at4ロ･ AJI supernatants obtained bythe centrifuga-

tion were subjected to uJtrafHtratjon at 4□ on an Amicon

U)trafjJtratjon CeH Model 52 (Amicon Corporation. Dan-

vers, MA, USA) with an Advantec UP-20 membrane

with a 20-kDa exclusion (Advantec MFS, Tokyo. Japan),

The ultrafHtrate was recovered as a peptjc, tryptic or

chymotryptic digest of ]gGl. On the other hand, afterthe

]gGI was digested with pepsin for 6 h as mentioned

above, the digestwas adjusted to pH 7.5With lM NaOH.

Two mHligrams of pancreatin were added to the ad-

justed digest and subjected to continuous shaking )n a

water bath at45□･ After 6 h, another2 mg of pancreatin

was added, and the digestwas kept for an additional 3 h

under the same conditions, after which the ultrafi)trate

was prepared from the digest according to the same

procedure mentioned above, and used as a peptjc-

pancreatic digest. The amount of peptide recovered
wasabout16, 18, 20, and29% of the JgGl amountused
as a substrate in the peptic, tryptic, chymotryptic, and

peptic-pancreatic digests, respectively,

2.4　Sp/een Gel/ suspensl'ons and ce// cu/lures

Six week-old male C3H/HeN mice were obtained

from the Japan SLC (Hamamatsu, Japan). A single-celI

suspension was prepared by disrupting sp一eens in

MHchwissenschaft 62 (1 ) 2007
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RPM)-1640 medium containing 5% FBS, 100 units/ml

penici日in, and lOOいg/ml streptomyc)n as previously re-

ported (6). Final concentrations of the ce)ls, and lgGl or
its proteo]ytic digests were 5×106viabIe cells/ ml and 0

to 100 Pg/m), respectively. The celt suspension mixture

yas cultured for 12 h (for mRNA expression) or72 h (for
lmmunOglobu]in leve一 and ceH ratio) at 37D in a humjdト

fled 5% CO2-95% air atmosphere.

2.5 /mmunog/obu/in assay

The sandwich enzyme一日nked immunosorbent assay

(EuSA)was used to determinethe )eve)s ofJgAand lgG
in the ceH culture supernatant, and princIPaJIy carried

out as previously reported (6). The immunoglobulin

]eve】 was represented as an immunoglobulin index cal-

cu)ated by the follow)ng formu一a: Immunog]obu)in in-i

dex= EL)SAva]ue (A490 nm)for culture with JgGl or its<

digest/ ELISA value (A490 nm) for culture withou日gGI

or its digest,

5

j

2'6 Reverse transcn'ptJ'on po/ymerase chain reac-∃

tJ'on (RT-PCR)

Total RNA was extracted from spleen ceHs and used】

for RT-PCR as previously reported (7). The primer se-∃

3 : ≡ npcaepse ,oi i ㌻-a6n da 7Ld_.G enPdD.T_f501霊.ewde T.ohS.es eOf.i YpEeNVS- ラ

et a/･ (8)I The pri,mer sequence of ]L-2 fo‖owed ULETT3

:teG罠_;9S:igT:o_ew3軍:r諾藍ei::S;ei;sueee;ns5C,_;cS5:cElgG;cGOA%Tg:C:ckcl;cea j
GTGTGG-3'; IL12 p40, (Sense) 5'-CAAGTTCTTG GG :

CGGGTCTG-3' (Antisense) 5'-GAGGTGGACTG-J

GACTCCCGA-3'; lFN-†, (Sense) 5'-GTCAGCCGC,i

TcTaG㌫GGTGCATCGCg_33',･; (2nnBseTnaeF)_㌔'-?sAe:sGerg･TcGcG_.i

cTGGTGGTATACTGAGACACCl3' (antisense) 5弓

CGGGTGC TGTTGTACAAA-GCGAG-3'. The res

was represented as an expression index caJcuJated

the following formuJa: Expression indek　= (Ba

strength for a given cytokine in the presence of JgGl

山byn d o

its digest/ band strength of the simu]taneously treated.

GAPDH) / (band strength for a given cytokJ'ne in the ab-.p

sence of )gGl and the digesuband strength of the simuJ-I

taneousJytreated GAPDH).

㌔

2･7　Ce/I analysis by personal ce/I Funct]'onal

an alyzer

The mouse sp)een ce]J was incubated with mouse Fc

b】ockfor 15 min at4口, and reacted with PE-labeled antj-

mouse mAbs specific to CD4 or CD49b, or with biotin･

)abe)ed anti-mouse mAbs specific to CD8, CD19 0r

CDllb for 15 min at4ロ. Ce‖s a一ready reacted with the

biotin-labeled antibody were further incubated with

PE/Cy5-labeled streptavidjn for 15 min at4□･ Fjna日y, alJ

ceHs were analyzed uslng a Guava Personal CeH Func･

lion Analyzer (Guava Technologies, Hayward, CA

USA).

2.8　StatistJ'cal ana/ys/S

]mmunoglobulin index and ce‖ ratio were expresse〔

as means ± standard deviation, The slgnificance in the

difference between cultures with and those without lgGノ

Or its digestwas determined by Student's i-test･
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Fig･ 1: Effects oHgGl and.its digests on lgA (upper) and lgG

(Iower) formations Jn mouse.SPleen ceJ) cultures･ The
results are represented as Immunoglobulin indexes

against ceH cultures without lgGl and its digest. Val-

ues slgnjficantly difF即frnm fhF; lr]Gl and it.q dinF!-qt-

free culture at 'P<0.05, ''P<0.01 and '''P<0,001 ,

3, Results and discussion

Figure 1 shows immnunog)obuHn indexes of super-

natants from mouse spleen ceHs cultured for 72 h with

)gGl and its digests. Both )gA and )gG indexes slgnifi-

cantly )ncreased in the culture with intacHgGl and tryp-

tic digest, )n addjtjon, the former also s)gnificantly In-

creased jn chymotryptjc and peptic-pancreatjc digests

as did the latter in peptic digest. lgA and )gG are the

dominant immunoglobuljns in gastrointestina) and sys-

temic immune systems, respectively (1). The present

results suggest that cow一s ]gGl, which is the most

abundant immunogJobuHn in bovine co】ostrum, p)ays a

physioIogICa] ro一e in the deve一opment of an active hu-

moraJ immune system jn addition to confemng passive

immunity in newborn calvesI

Figure 2 shows the expression index of mRNA for

some cytokines of mouse spJeen ce"s cultured for 12 h

With lgGl and its digests･ ]ntact JgGI showed more than

a 2-fold increment of mRNA expressions for )L-5 and ]L-

6, and a 1 ･5- to 2-fold increment of mRNA expressions

for lL-4, )FN-Y, lL-12 p40 and TGF-β, whereas ]jtt)e in-

仙enced on expressions of mRNAs for ]L-2 and lL-10,

0n the other hand, digests noticeably JnCreaSed ex-

pressions ofmRNAsfor lL-4 and )L6. In addition, peptic
digest increased expressions of mRNAs for )L-2, )FN-†

チnd TGF-B, whHe tryptjc and pepticIPanCreatic digests
Increased the mRNA expression for lL-5. Peptic and

chymotryptic digests increased expressions of mRNAs

for TGF-B, wher苧aS PePtjc-pancreatic digest markedJy

reduced expresslOnS OfmRNAsfor lL-12 p40 andルー10.

Type 2 helperT ce一ls produce lL-4, JL15 and ]L-6 (10). IL-

4 is a one of B ce)l growth factors and stimulates lgG

formation, whiJe IL-5 promotes the surviva一 of lgA+B

ce‖s and their maturation into lgA secreting ce)Js (ll).

Si;6e rpeJnatyas.ia.nn諾BP Ocne;sn t..r諾eA Isne 冒,reotTnogticneg,. gh(; 2tr m i n a ]
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ll.711.61.02.90.9 

Expressionindex 

Fig. 2: Effects of]gGl and its digests on mRNA expressions

of some cyt〔)kines in mouse spJeen ce日cultures.

CeJls were cultured for 12 h with orwithout JgGl and
its digests, Numbers represent the expression index

agalnSt the lcIGl and its digest-free culture. A: )gGl
and its digesHree cu仙re, B: lgGl, C: Peptic di9eSt,

D: Tryptic d垣est, E: Chymotryptic digest, F: Peptic-

pancreatic digest.

These facts provide at the cytokine level that bovine

]gGl and its digests stimu一ate ]gA and ]gG formations in

mouse spJeen ceH cultures,

Table 1 shows the ratios of CD4+, CD8+, CD19+,

CDllb'and CD49b+ cef)s in mouse spleen ce‖s cuト

tcuarne.?yf7ニC7,2e 2 swej許.lhgeG 1,a;r.j!S.di gcesDtS i ]anLadCtgg,q三･s icgen.i.fi:

whereas jt showed ]批】e influence on those of CD8+,

CDllb+ and CD49b'ceJls･ Tryptic, chymotryptic and

peptic-pancreatic digests sJgnjficantly JnCreaSed the ra-

tio of CD49b+ ceJJs, in addition to those of CD4+ and

CD19+ ce‖S. On the other hand, the ratio of CD8+celJs

slgnificantJy increased in cultures with peptjc, tryptic and

chymotryptjc digests, whereas no intact IgGl or its di-

gests had any influence on CDllb+ ceJJs･ CD4 and
CD19 are typ)cal ceIJ surface antigens of helper T ceHs

and B ce"S, respectively (13, 14). Atthe jmmunocompe-

tent ceIJu]ar Ievel, these facts support our above finding

that intact lgGl and its digests stimuJate lgA and lgG

formations jn mouse spleen cell cu)tures. On the other

hand, CDB, CDllb and CD49b, which are typica) ceH

surfaceーantigens of cytotoxic T cells, monocytes/

macrophages, and natural kiHer ceHs, respectjvely, are

weH known contributors to ceHu)ar immunity (15117).

Hence, digestion of cow's mj)k IgGl may produce pep-

tides that reguJate ceHular as well as humoraJ immunity.

Antigen-presenting cel一s such as dendritic ceHs and

macropha9eS POSSeSS SOme types Of lgG receptors

(Fc†R) on their cell surface. Fc†RI and Fc†R川stimulate

immunogTobu)in formation when lgG binds to the recep-

tor, whereas Fc†RHb inhibits jt. Moreover, Fc†R) can in-

teract with not only lgG-antigen complex but aJso with

free lgG, with which Fc†RJlb hardJy interacts at a日(15)･

Thus, the stimulation oHgG and ]gA formations ob-
served in the presentstudy may be due to the bjndjng of

]gGl to Fc†Rl on antigen-presenting ceHs. Furtherstudy

is in currently progress to clarjfythis point,

i:.I I,.iXLrJ.rr;:トiL.,.iL･.I:I.,TTI '7･.HHJH1HH
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TabZe 1: Ratios of severa) immunocompetent ce日s in the mouse spleen ce)I cuJtures with or wjthouHgGl and jt

ce日　　　　Concentratjon Intact peptic Tryptic ChymoLryptic Peptic-
ancreatic

CD4.I

CD84

CD19ヰ

CDllb+

CD49b+

000000000000000

50　　50　　50　　50　　50

1　　　　　　1　　　　　　1　　　　　　　1　　　　　　　1

17.40士0.53

19.10 :と0.72★★

21.60 ± 0.45''*

6.78 ± 0.37

7.38 ± 0.54

7.48士0.68

31.66 ± 0.65

37,23 :と0.46**

40.96 +_ 0.98''*

9.23土0.64

9.30±0.17

9.05士0.21

v4.01 ± 0.79

4.23 ± 0.47

4.10土0.10

14.76 ± 0.29

13.60士0.30州

13.73± 1.21

5.07士0.16

5.23土0.40

6.03 ± 0.21★

42.90 :と0.36

47.93土0.51★★★

54.16士0.91★州

8.67士0.81

9.63士0.58

9.00 ± 0.50

3.43土0.46

4.97 ± 0.67★

5.43 ± 0.72*

14.76士0.29

16.90土0.69州

14.80 ± 0.56

5.07 +_ 0.16

6.07 ± 0.42★

6.80 ± 0.53★★

42.90 ± 0.36

43.96 ± 1.08

44.90 ± 0.61州

8.67士0.81

9.13 ± 0.64

9.57 :と0.50

3.53±0.15

4.70土0.61★

5.63士0.12'**

14.76 ± 0.29

16.93土0.51'*

16.93 ± 0.83★

5.07土0.16

5.23:と0.15

6.07土0.21州

42.90 i 0.36

48.40土1.01"～

56.46士0.76'仙

8.67士0.81

8.70 :と0.17

8.17士0.76

3.43士0.46

4.47土0.42*'

5.80 ± 0.57★

14.76 :と0.29

15.06 ± 0.55

18.76 ± 0.81如

5.07±0.16

5-07士0.06

5.17± 0.25

41.63士0.81

45.70 ± 0.56★★

45.26 ± 2.03''

6.47士0.12

6.17 ± 0-32

6.70 ± 0.20

3.43士0.46

5,93士0.76★

4.60土0.46''

Values significantly djfrer from JgGl and its digest-Free cuJLure at ★P<0,05,州P<0.01 and …P<0,001

)n conc一usion, the present study demo,nstrates that･at

the cytokjne and immunocompetent ce日u)ar levels,

]gGl and its gastrointestina) proteinase digests stimu-

)ate the formation of immunog)obuJin, particu)arly ]gA, in

mouse spleen ceJJ cultures,
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