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Abstract

To investigate the effect of bovine colostral whey fractions on in vitro proliferation of mouse splenocytes,
polypeptide fractions were separated from acid whey into 3 fractions depending on molecular weight by
ultrafiltration; Fraction I, which contains the polypeptide larger than 10,000 Da, Fraction IL which contains the
polypeptide ranging from 1,000 Da to 10,000 Da and Fraction I, which contains the polypeptide smaller than
1,000 Da. Fraction I showed the highest proliferative effect of mouse splenocytes among the colostral whey
fractions and this proliferative activity increased in dose dependent manner. Unheated Fraction II and Fraction
I showed significanly (p<0.01) higher proliferative effects than others but heated Fraction II showed the highest
enhancing effect of mouse splenocyte among heated whey fractions (p<0.01). The supplementation of Fraction II
and Fraction IIl showed greater proliferative effect of mouse splenocytes stimulated by concanavalin A (Con A)
than that of whole whey or Fraction L Proliferative effect of mouse splenocytes stimulated by phytohemagglutinin
(PHA) was the highest when Fracticn IT was supplemented. Proliferative effect of the colostral whey fractions on
mouse splenocytes by stimulation of lipopolysaccharide (LPS) was markedly enhanced by supplementation of
Fraction I and Fraction III compared with whole whey and Fraction L It was estimated that colostral whey

fraction containing IGF-I positively affected proliferation of mouse splenocyte.

Key words : colostral whey fraction, splenocyte, proliferation, mitogen

A

rhu

HEEE] ZfolE A7dA FEEGE T3]
Az edy A Esle vz FYE 9 F4
29| B4 #Ashe thFe AgAREe] FHEA A
(Uramkpa et al,, 2002). 29| 2R FollA] Axe] £t}
Z2) o] Tsts AJE-S milk growth factor2A] FALFF 5~25
kDag] ©ld AEogA $f Fol= insulin-like growth
factor-I(IGF-T)] growth factor®] A2 thF-E-& A8t 53

g
=

* Corresponding author : Soco-Won Lee, Department of Food
Biotechnology, Sumgkyunkwan University, 300, Chunchun-Dong,
Jangan- Gu, Suwon 440-746, Kyunggi-Do, Korea. Tel: 82-31-
290-7805, Fax: 82-31-290-7815, E-mail: leesw@skku.ac.kr

250

o0 o] o= epidermal growth factor(EGF), transforming
growth factor-B(TGF-B), Z12]3L platlet-derived growth factor
(PDGF)7} &e5lo) JE Az Bus3 cKSimmen et
al., 1990).

s Wed 45aEe AN AZE AN
Axze] AT A E3te] FEAE-S 28 eHe cytokined} v
A e §3tE mitogeno] Fo3tTh AA WHellA
lymphohematopoietic cytokine©. 24 IGF-1& H97]% F3!
o] Be 382 F3(Kooijman et al., 1996) A} polymor-
phonuclear leukocyte2] ®-4]ZH-8<(Fu et al, 1991)3} natural
killer celle] A2 Zz3lH(Kooijman et al., 1992) mono-
cyte2F-E] TNF-08] A4He fEshes 2102 g1 3t
(Renier et al., 1996). =3} human B cell 52]3} 34 Hulg
A=t (Landreth et al., 1992; Gibson et al.,, 1993; Kimata
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et al,, 1994) lectin® 2 2}=E T cell®] F4o #3519 (Tu
et al, 1999), ¥]-d& cord blood monocyte-derived dentritic
celle] AJ&-& #2138)a1 apoptosisE A 313K Liu et al., 2003)
o Bugm Yok

91914 IGF-19] &3}o] ths)A Fukushima 5(1999)<
IGE-Io] W 71 &3} glowl 53] A\ =o] $8617)
°]8-€ & Utk &1, Dvorak(2000)L & S EGF7}
&% 7% A4S FEFT T Basiych 2e8)a thiGFe)
E ol thalA] Korolkiewicz $(2000)& Fixz o] =g at
+4E& ABde= UL glow, Houle $(1997)& disa-
ccharidase €A1} g5 2L ZR&Ackn sk}

T B ATE 2 2R FRE0] S1E peptideE &
Aol whebA] £88te in vitroAdoll Al mouse splenocytes)
SHEIT ] Lol HsiA stk

B71% Ade BFo2RE BN ¥ 48AAS
Holstein 2748 $3éld Qa2 2123yt 285 4T
A 5,000 pme 2 3027 AU se] APe AAD T §
g 857) 9814 | N HCIZ pHE 4628 23 =
20CoA HA)3kaL, o] RE 3,000 rpmO 2 3057 YA Eg)
sto] A AoldlE EIsigh AW s 1 N
NaOH= pH 7002 ZA 3 2, 4Tof|A 5,000 ppmo. 2 30
7 9ABe] FAEE AASE

o|FA Eal" 32 ultrafiltration unit(DC-10, Amicon,
USA)E ©|-83t] &A% we} 28-S Hejslir). Frac-
tion 12 10 kDa membranes] A FX|&& Egoz 3y}
Fraction 18} o 3}98-& o)L} Fraction I 10 kDa mem-
braneg F3}3}3L 1 kDao] membraneS E3}3l1] Eal= B

o2 3ol kDa membraneS E7}3+ 232 Fraction
MEZ sHh Zzte] dojzl £8L 53 3 1 N NaOHZA]
PHE 7002 ZA3 ¥ o|§ 2 Hxsle] £44 Ag=
AHEBIATE B2 AR 2% 73 Y& iR &3]3l
st

Azl 2% SHELS XX

A 2F FHEYE WEY] AsA Ao 2
RPMI 1640(Gibco/BRL, USA) &) £33 The 100°C o]
A 1083 7} ohg kel A3t

Splenocyte2| X|=
5% ¢A Balb/c vh¢-29] ¥FES RFHo g 5 mLe

25 mM HEPES, 2 mM glutamine, 100 units/mL penicillin 2
2|31 100 xg/mL streptomycing &-83}= complete RPMI
1640(Gibco/BRL. USA)°] zH#H3td F 7)9] frosted slide
glass Atolof] W] A& 2 AHA }a)8te] single cell suspen-
siong TERTE 283 ¥AHEE 1,200 rpmoflA] 1087+
A2t F5dE A AT the Gey's reagent= YT+
£ £8AZh 281 complete RPMI 164022 23] 4 3}
% 10% heat-inactivated fetal calf serum(FCS, Gibco, USA)Z
& complete RPMI 16400 £4kA]71 Th&- trypan blue
exclusiont] ©.2 viable cellS A)=3l5ch

- XS Aol 2|8 Mouse Splenocyteo| Z4|

B A E 2 x 10° cell/well S 96 well microplated] H23}
I 1 mgmLe] ZF-EFolY 10% FCSE 83 complete
RPMI 1640014 v eFalsich. &, Rojafo] ma AE24 4
FollHe FPEES 0.1 mgmLolA 10 mgmLe] HeE
Ei=] el H7F3t 5Tt Mitogen 2.2 A3 Wl 4A £ thet 2
f+ FR 2 SHAAES B8] 98k T cell mitogen
2 2 concanavalin A(Con A, Sigma, USA)+ 0.25, 0.5, 1.0 rg
mLe] FE2 Al-35}9]1, phytohemagglutinin(PHA, Difico,
USA)E 1, 25, 5.0 pg/mle] ¥=2 AMS-3lch 2817 B
cell mitogen 2 & lipopolysaccharide(LPS, Siggia, USA)& 0.5,
1.0, 5 ugmlLE AHEEATE MEe wjke 5%2] CO.9
95% FHE=e] 27 3jollA] 37ToAX 48417t Bt vl <k3}
ok AZFHEL 28 AHAES Toskr ¢ wiR|q
A 3748 splenocyte®] Al Eol] hit 2HEEL A1) uj
AlellA /473 splenocyte M E5E HES(%) 2 JERIS]
o}
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R 78 2% 2| Mouse Splenocyte Z4| &1}

ZF F8£3 9] mouse splenocyte Z2] 3= whole whey,
Fraction I, Fraction II Z12]1 Fraction III 7} Zt2z}+ 115. 90,
139.05, 305.75 28]1 200.79%= Fe}skchFig. 1). Mouse
splenocyteoll i3t 5] A3} Fraction 117} 713 =4 Vel
WH(p<0.01) ¥H o] whole whey7} 714 wtA] Jeh = A8ke
Hoh o2 s 2/ FHEY FolA 2 1,000
DacflA] 10,000 Da A}o]€] polypepetider} B M L2 4] 3}
T ETE Hole Aoz waHoh

Fraction 12| Mouse Splenocyte =4| &1}
Z2F FAHEE FolA mouse splenocytes] =4 E 7} 7}
4 7 Yl Fraction [19] Fo 3of wh& 24 &7 Fig,
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Fig. 1. Effect of bovine colostral whey fractions on proli-
feration of mouse splenocytes. Values were expre-
ssed as means+ SD.

* Significant difference in mouse splenocytes prolifera-
tion among whey fractions at p<0.01.
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Fig. 2. Effect of bovine colostral whey fraction Il on the
proliferation of mouse splenocytes depending on
dosage. Values were expressed as means=SD.

29} 2t} EciTo| WE mouse splenocyted] T2 Aie
0.0001 mg/mLoA 0.1 mg/mL7tA|& 92.85%°| A 87.30% =
A Ae] zpolE HolA] FEAIT 1 mg/mLeAiA 345.61% 1
21 10 mg/mLol|A 307.84%2 el o8 Ade
Fraction 18] 7% Edoj &k we} mouse splenocytee] F2
Eo7E o #=A UrE}‘Xl‘il(P<0 01), 53] 1 mg/mL ©]/FlA
A 24& 23T F UL o2 AZEnt

gdxjg] =R F3L2|2| Mouse Splenocyte S4| &1t

dxa) 2% F3E8 o) mouse splenocyte?] F2]el W3]
= #7E Fig 37 2t} 100CY] 22004 1083 €%
28§32 23] 9] mouse splenocyte®] 5-2] & F}= whole whey,
Fraction I, Fraction II 28|31 Fraction 117} Z+Z} 87.25,
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Fig. 3. Effect of heat treated bovine colostral whey fractions
on proliferation of mouse splenocytes. Values were
expressed as means+SD.

* Significant difference in mouse splenocytes proli-
feration among whey fractions at p<0.01.

146.90, 18531 1)1 93.40%F o™ AR L& 26
23 2.8 o] mouse splenocyte =2 &3 Z+z} 78.41, 96.97,
311.51, 2] 3 267.74%2 UERskc}. A e)ol] SjeiA Frac-
tion 119} Fraction 1117} mouse splenocyte®] A& F4 8=
F7}7} vrobx o1} Fraction Io] 23]8] 9zt S/ Aol
A e AL AFEr & Ao AzEH.

xS 235lo| Con A X}= Mouse Splenocyte S4 &1}
Con AZ A+=3} mouse splenocyted] WigF 2 73 £¥
o] =2 &= Fig 49 2th 025 pgmLe) Con AR A3
3+ mouse splenocyte®] Zf 83 EYol 3 F2 AFE
whole whey, Fraction I, Fraction II 12|31 Fraction III7} 2}
Z}+ 194.0, 94.70, 311.71 28] 1 302.21% o™ 0.5 pg/mLe]
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Fig. 4. Proliferative effect of bovine colostral whey fractions
on mouse splenocytes treated with concanavalin A.
Values were expressed as means+SD.

* Significant difference in mouse splenocytes proli-
feration among whey fractions at p<0.0l.
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Con A2 A}=-gt mouse splenocyteo] tat -4 335350
%4 A7+ whole whey, Fraction I, Fraction II =183
Fraction IIIo] Z}z} 160.55, 81.34, 267.71 28] 31 241.44% 2
YERGi 1 zg/mLe] Con AZ 223+ mouse splenocyte©]|
e 2f f34 B39 24 Zde ZH 27229, 137.27,
420.87 18] 11 360.66%% Ltelytth

Con AZ =3t mouse splenocyted] that 2§ SH B2
o] &4 &3}+& Fraction 117} 7}3F =4 Vebyt 3 Fraction I
o] 71 ¥Al Jetth @, Fraction Il GA] BE 439
Con A A= FXol4] mouse splenocyteE Z4]5}= g3lr}
ot A Ut} Con A2 A433F mouse splenocytee] =
Aol e 2/ FHEYY EE 1 ggmLe) Con AZ =}
=& Fraction II7} 714 A Jelgt). olgjg 2o A9
ZF A EE FolA] Fraction 117} CD8" T cell2] mitogen
9] Con AZ A3} mouse splenocyteo] )3t =4] &7}
7b¢ Am CD8' T cellg F4ete AF7t Utk AS
FHesch

7 78E2 29| PHA X}= Mouse Splenocyte S 4
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k=nls

CD4" T cell®] mitogen$] PHAZ #}=3} mouse splenocyte
o e 2% #3 £y 34 Ao}t Fig 59 BT 1 g
mLe] PHAZ 213+ mouse splenocyte®] 4] {3} whole
whey, Fraction I, Fraction II 283 Fraction III7} Z}z}
96.34, 108.25, 214.74 18]1 99.98%= LFEITY. 2.5 pg/mL
°] PHAZ =}=-% mouse splenocyte?] Z24] Fal: z}z}
101.63, 102.50, 197.34 18] 11 102.94%% Veltt). § rg/mL
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Fig. 5. Proliferative effect of bovine colostral whey fractions
on mouse splenocytes treated with phytohemagglu-
tinin. Values were expressed as means+SD.

* Significant difference in mouse splenocytes proli-
feration among whey fractions at p<0.01.
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¥ 7= whole whey, Fraction I, Fraction II 2] 1. Fraction
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T cell mitogen?] Con A9} PHAZ &43lst ddlel= &
2] LPSZ #}=Z3} mouse splenocyted] that 2§ 43 28 9
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Fig. 6. Proliferative effect of bovine colostral whey fractions
on mouse splenocytes treated with lipopolysaccharide.
Values were expressed as means+SD.

* Significant difference in mouse splenocytes proli-
feration among whey fractions at p<0.01.
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27 el AFAT oA IGF-Io] 12t} 231 HH 7]
A] lymphocyte®] Z2], 83} 12|11 7|54 &%E P
= Aol 299 vt ok IGF-1& £ o2 T cell
o} ZA3sln] PHA-activated T cell& Al EF $=8-49] £A}
resting T cell 2t} &) HTHTapson et al., 1988). 28] 3 IGF-I
& human B cellZ} B-lymphoblast cell lineo] So]x o2 2
sl Aol I ATKTapson et al., 1988; Stuart et al,
1991). Sorensen S(2003)& IGF-Io] human keratinocyteol| A}
antimicrobial peptides/polypeptides expressiong FZ=&k4 4
28} stk Xu 5(1995)8 IGF-I receptorg €A %
W ol% 250 AAM A HEs o IGF-Id] g 2
31232 monocytes>B cell>T celle] =o]itiar sttt 28
T resting T cell®] 7% CD4" T cello] CD8" T cell B} &
237} o) Bol @@=y F 71X A Con AS ATt
IGF-1 84& 2 ¥ F7P8le 202 Endyet 282
WM Eoll et IGF-19] B g4 BGA 2] A
Aol A=3 M 2] FH| IGF-I 849 F& 243 T
celle) 7% ZAolgkn AHeFthXu et al, 1995).

Ao T 240 tisliA] IGF-1& in vivoollA] lymphoid
tissue AL £215(Binz et al,, 1990; Clark et al.,, 1993),
in vitro) 4] lymphocyte2] mitogenic responsed FZ8h= A
oz ¥uE3 ¢YrHRoldan et al, 1989; Johnson et al,
1992). Hinton 5{(1998)-& IGF-Io] lymphocyte®] generation}
survival & Z2A8ke] W22 9] homeostasise] HEE F=
Aoz BmsEt}h Kooijman® Coppens(2004)L IGF-Io]
'PHA A= PBMCZXE] Th2 cell §2} cytokineq) IL-102]
ARE F 40~70% A= FA & ot IL-29) [FN-v3} H3
A cytokineq] IL-1p, [L-8, TNF-a2] it A2 & F
2 sttt s or] IGF-1e T cell 288 IL-10 Ak 2}
28 23l 942 HYy g3 Thl wif AE B whgo
B AsiFAes 2A@ttn A|Usch Mendenhall &
(1997 JFaz Aol GEFE ratg N2 ¢ES
Eoj3lx] %1 IGF-1E T3 23 3992 fdshe &
7t ek Bastch Frankie9t Kitabchi(2004)E PHA
2 @433l human T lymphocyte7} CD4* ¢} CD8" subsetel]

A IGF 447 2Ed3te AL 4S5, o} T
lymphocytedl| A 484 2] L@L o HA] AR A F
23 dojr1zte g 28 Aolgta Ik

olate] A% Ay YAV E F9] L v B
AM Fol| e 25 el £ AEZFH EFHEM HE T
A W(local immunity)e] 7 EHE 48 F UE A
2 gogch gustd A7 Foig IGF-Io] £33 F

BaE| 9tn Asbdwe] Ajsle] IGF #8412 5 £
T E MEY AL £2 8 HBaumruckerst Blum,
1994) @ Y2 F52 4 3ithDonovan and Odle, 1994).
283 954 BAVT Lol P o] £4° B$ gowth
factor 2287} #7}=}(luminal membrane)e] Aol #3E3}
A BT Wright et al, 1993).
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