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Abstract

Colostrum, a nutrient-rich fluid produced by female mammals after giving birth, is the specific initial diet of mammalian

neonates. Colostrum is important for the nutrition, growth, and development of newborn infants and contributes to the

immunologic defense of neonates. It contains immunoglobulins, antimicrobial peptides, such as lactoferrin and lactoperoxidase,

and other bioactive molecules, including growth factors, such as IGF (insulin-like growth factor), EGF (epithermal growth
factor), TGF-B (transforming growth factor), and FGF (fibroblast growth factor). Bovine colostrum is a rich source of growth
factors, which play a central role in wound healing. The biological activities of colostrum emphasize the relevance of the

synergistic activity of growth factors to stimulate keratinocyte proliferation and migration, which are essential for tissue

repair. Colostrum increases the expression of early differentiation markers, such as keratin 1 and 10 and involucrin, and

late differentiation markers, including loricrin and filaggrin. Additionally, colostrum increases granulation tissue volume in

the dermis, suggesting that it has a beneficial effect on wound healing. The therapeutic use of colostrum or individual

peptides present in colostrum has a positive and curative influence on various gastrointestinal diseases.
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49 Zfr(colostrum) T F-HF 5 2F 48A]7F ool FH]
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(immune factors) 3 &+ d(antimicrobial activity)3} A 21
AH(growth factor)=, 9 1Ak} &84 A immunoglo-
bulins, lactoferrin, lysozyme, lactoperoxidase, cytokines(Larson
et al., 1977; Besser and Gay, 1994) S°] 03, AAAA=
IGF(insuline-like growth factor), EGF(epithermal growth factor),
TGF-B(transforming growth factor), FGF(fibroblast growth factor)
So] thPlayford er al., 2000). IGF= S8 FAM A=}
2 7152 ot Al Gael a3t e AoR &
HA At EGF= YA 2 7312 gF-el 3471 3
3, TGFE Afx4 9] AZED S22 dt= 715°] o W
o Az A 2 A 3o =S Frh(Playford et al.,
2000). FElvEtell A= BA ol AARIAbE] e -
A gk A7E 28] o] FolH=rl, Nam 5(2002)>
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XHGrowth factor)
£ 2 7HA AR peptideS F-al=w),
AEe] A3 £3+5 A7) 7150
Az BArell Al A5 2(Klagsburn, 1978)% 13,
= Klagsbum ¥ Neumann©] 1979\l 24319
Wl ek Aot 2 AgAAE £3et
A2} T3t EA S, Aol Z
| 2087, A 2ol LS F= AoT Bk

TH(Sacerdote et al., 2013).
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1) Insulin Like Growth Factor(IGF)-1, 2

F o 20l 71 F55H FRAGF-1; 50~2,000 pg/L, IGF-2;
200~600 pg/L)= o AL, 5ol & vrsizl Az <4
A Atk 3t gkl PRSI, Al A e E3te] wif
A2 de] FxEo Ak A 7.6 kDE single poly-
peptide chain®Z +A4 % A, B, C, D 4711¢] domain®. 2 4
=o] 31tk Insulins> D domain®] §137, C domain $-of 2-&
A Uz g 235 YE 7] 918141 IGF-1,2 receptor
7t 2 M EZo| = o dth(Rathe et al., 2014).

2) Transforming Growth Factor beta(TGF-381 and (32)
AZe) B35S AFx4) 7150 AL, T AZY 4

JA 2] 43S oA sl 3 vl (embryo) A, ZF e

A 3 &, wel Aol Ao EES T, IgA A £31
2 HG AA 24 750l k. AEH /Al ore] A A4
A 238 £R381, d9F5 &3 7|5 0] U ThPakkanen et
al., 1997; Playford et al., 2000). Cox®} Biirk(1991)= $+F =
S8 TGF-B2 &# polypeptideS! 77371 x19] &} A
Frotdl e olFol AFS FE A4S B39, Jin 5
(1991)2 -9l A milk growth factor(MGF)S 2] A A3+
3, obu]i At M ES BHel A3} TGF-B13 TGF-B2& 4 =
o] 9lom, TGF-B27} 85%% $-Al&tAl dHrelo] ok By
sttt

3) Epidermal Growth Factor(EGF)

EGF= &9 Ao f419 wde] 2dIA=EHA 98-S
SHoH(Plaut, 1993). 5374719 ofm|i4to 2 Ao 93, 3
A3} 2gR1€] A1 A7d9] Brunners Aol o]sf AJste| o xiTh A
g Zfolle 200 pg/L, AAFol= 30~50 pg/l Ax &=
o] Q)3 (Read ef al., 1985), B4 ZFolE= 3~5 pg/L(lacopetta
et al., 1992) A= FH=lo] Aok A5 G2 AXE A =
2 715 3 AE B A A 71sel Ao

Fig. 13} Table 16 A|AJ| vpe} ZFo] AJA12}e] FH7}
thFsta, S TR E M) Fol mf¢- Ytk Fig 19 U
Ebdt who} 7o) 2 HolM frw AAAA F FGF-B7F oF
180 pg/mgl & 714 =3, 1 t}&°] GM-CSFZ 170 pg/mg,
TGF-B7} 65 pg/mg, VEGF, TNF, PDGF bb, NGF =22 €}

- 200 7

B 120 -
Eigo
& 160 -
£ 140 A
€ 120 -
2 100 -
g 80 -
S 60+
Q 40 4
5 20-
O 4.
‘(ﬁ ék q’» (;( o o <& &
& A é ¥ g & ¢ S
QQ
25 -
azn_
E
o
£ 15
=
o
® 104
-]
=
S 5.
e 5
6
o0
u_

IL-16 L2 -4 -6 IL-8 L8 IL-10 IL-12 IL-15 117 IFN-y

Fig. 1. Evaluation of growth factor (top) and cytokines (bottom) in
the standardized bovine colostrum derivative (Sacerdote
et al., 2013. J. Dairy Sci. Vol. 96)
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Table 1. Concentration of growth factors
Colostrum Milk Reference
Human 200 pg/L 30~50 ng/L
EGF . ne v/ Playford et al. (2000)
Bovine trace trace
Human 18 pg/L -
IGF-1 . ¢ Playford et al. (2000)
Bovine 50~2,0000 ng/L 10 pg/L
Human 18 1 -
IGF-2 ) gl Playford et al. (2000)
Bovine 200~600 ng/L 10 pg/L
Human - -
TGF-81 ) Purup et al. (2007)
Bovine 6.3 ng/L 1.5 ng/L
Human - -
TGF-32 ) Purup et al. (2007)
Bovine 143 ng/L 21 pg/L
Steh. Cytokine 3 T Aol A 447 04234 F3ol 29 Autocrine
o thate] =R IS 317, proinflammatory 24 3 Gaffen,
2011)9F Z8AM £ 248 (Krstic et al., 2012)S 3= IL-179]
23 pg/mgl 2 7} =31, IL-27} 7 pg/mg, IFN-y7} 6 pg/mg, 8
_ _ ~
IL-15, IL-9 =2 2 yelytt) T3 Table 19 #| A3 vlo} 72
of AL FHE A7 AAFED BA TR 3
O O oF 2= o
AT Paracrine
— >
2. MEQIRIY| J|5H 53
gl ate] FA 75 wl$- 4l4s] dojuiedl, 107
107 M9) o} & Fmol A A X7 AL FAG
o Ed H4d BE AAAoR 488 4 o FaHO
2 Agse AFAAE BHIE A AEsts A7) Endocrine
————,y
& Aol #§3sk= FH 8 (paracrine) 7} A

(autocrine), TF
I, AAEJA &35 Hole Y] (endocrin) 7t A ThFig. 2).
FAAN LG o)Al &Ald At &35 YR
2 ZANEE Folxl AR tigt FEAE AT &

ook 3K Coci and Sunshine, 2009).

1) In vitro, Human keratinocyte HaCaT cell line

Kovacs 5(2009)2] 2 770l ¢3hH <17+ ZH2 A ¢ HaCaT
cello] wiGFell A FEHuj | ok Hlwste] BHH A4 2{E
5%t 10% A &3k 24A17F vl Fgt +©] HaCaT cell®] &3}
£ A FRedt oles A= 10% FBS7E A 7H
uj Z]of) wj &k HaCaT cell®] 3}9} vt A& JER S
o} gkl 4841 7F Wi S W= 2%, 5%, 10% 2 AT
I T8 AFES 2ozt g1, 10% FBS A+ =
Al Vbt g, 20%9] ALEE 2 A Ea 24417 48
AIZE uf FA Ol AR S] Aol A Tk g A Z {7t

Fig. 2. Autocrine, paracrine and endocrine properties of cytokines.
The brain is illustrated as an example of an organ that
responds to cytokines in an endocrine fashion (Coci and
Sunshine, 2009).

Madin-Darby canine kidney epithelial cellstMDCK, Klagsburn,
1980) <} mouse hybridoma cells®] *J “d(Pakkanen et al., 1992)
of MA= &7t A= AL E YER, HaCaT cell®] A4l
X &3t AT
Fig. 32 <17+ ZFE A £ 2] HaCaT cellol] F8 3, 5% %,
10% =+, 105 FBSE A 2]|8te] 24417k F 7t v Fato] A2
(e}

o) A4S BEY oItk A X F318 s WHeE A
7 BHE01A = DNAS S43te WA o= BrdUel 5] 3
Aol FF=d F&A A2 E ol &3te] SAs3Th Fig 39|

a, ¢, e, g BrdU incorporation assayS YEF I, b, d, f, h



strum or 10% FBS (Kovacs et al., 2009).

= An7oE AxS s #ES Aotk FIHuA A
2(a, b)oll HI8l 5%(59.8+2%)F 10%(59.2+3.4%) Z& A g(c,
d, e, )7} 10% FBS % 2](66£9.2%)%} v|5=&}A] Al 2] #3517}
HAe A Z7HES & F AATE Ba 259 YAERN FHS
o] theFet A xollA AAAAE e e AR E
Az FHo] vty o7 byl B 18 tHHironaka er al.,
1997; Playford et al., 1999; Torre et al., 2006; Purup et al.,
2007; An et al., 2009).

Fig. 4 HaCaT celloll 83, 10% X, 10% FBSE A 2]
st 58 Al Z s ‘?lr“ A9l actin MEZZH L] A+
dell el #Ee Aolth 27l F8A Al HlEh 10%
Zfr A2l(Fig 4b)E Al X9 Fei7t 0% 2= AL, o574
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(@) T0 (] 6h (c) 6h
10% colostrum = :—. 10% FBS :
E ) Y R AL ; :
] 2
E
g =
8
= Fig. 4. Scratch assay on HaCaT cells in response to treatment
with colostrum and 10% FBS (Kovacs et al., 2009).
E
E: o] dgo] A Ao Z Vel 10% FBS A 2 (Fig.
£ 4C)2] 73-9-& positive control 24 10% Z-5-9F ¥]5=381A Al X
o] o]&Adol A=A
2) In vivo, wound healing of rabbit ear model
= Fig. 55 AFge] AA HRz24S 53 T 240 /71
AAZAA L] E3toll olw g G2 FEA Gty 9
O e o SRR Aelel, 2428t ol ) ZrkskE B
£ e T2 Aol H3tE Western blote 2 #4J3 Fojth ZH
g - - ; A2)7h 2 YA E2) F7) E3HEA A filaggrina} loricrin
2~ m o] AR Z7Hshe Ao etk ok el 27) Rotx
1 B : 525 , 2 A2l K1, K10, involucrin 5] W= 2‘—7}6‘}9}1:}, u}2} A
T e e e A 247} AR BAT BkE S 27
P S AR 1SS oA 2 B
ALQo] 713 7} =
Fig. 3. BrdU incorporation assay (a, c, e, g) and parallel phase A8l hesiEE A,
contrast microscopy (b, d, f, g) of HaCaT cells grown for
24 h in serum-free condition (a, b), in the presence of 2 day 4 day
5% (c, d), and 10% colostrum (e, f) or 10% FBS (g, h). colostrum colostrum
Percentage of BrdU positive HaCaT cells maintained 5 E ¢ s E =
without serum, kept in the presence of 5 and 10% colo- E 28 8 £ & E & 8 = 5
(=] [&] L=} (=] (=] (8] o (=] o o

== | Loricrin

Involucrin

Fig. 5. Effect of colostrum on keratinocyte differentiation. Cell extracts
were prepared at the indicated time points and Western
blot was performed against several differentiation markers
(Kwon et al., 2007).
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ek I3 Fig 6Col Vel vle} Zho] A 3w ol A=
granulation tissue®| volumes S A3}, ZH A2 FAA
20~30% A% S7tete Ao ® EIHA7 A /7 A F
ol ol AL E8S & T Ug AR Aekdr olg
Ades ZF7F AP AANE £t 27 © $7)o AzA

AE A7 Wit Z Azt Calcium3 22 7+

A B3}=71 912+ protein kinase C(PKC)E &A13} A7),
a9l dAe] AsAdgA Y g FE AR BIHAH
tHBollag et al., 1993; O'Driscoll et al., 1994). =3k ERK1/2
2 p383} 7+ mitogen activated protein kinase (MAPK)<] &
A7t AHPJAANE T8l F23 AL g AR &

2 X CHEckert et al., 2002; Efimova et al., 2003).
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Fig. 7. Hematoxylm and eosin stain of small intestinal biopsies
of a child with necrotizing enterocolitis (200 x magnifi-
cation) before (left) and 7 d after (right) infusion of
epidermal growth factor. Before therapy the mucosa is
virtually completely uncerated and after therapy the mucosa
is almost completely regenerated (Playford et al., 2000).
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SA)9F FGFR(A frotdl 2 521027 gleh Eg VEGFR
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Fig. 6. Effect of colostrum on wound healing. (A) Sections were prepared with paraffin, and stained with hematoxylin-Eosin (H&E stain).
(B) Immunohistochemical staining was carried out with anti-PCNA antibody. (C) Granulation tissue volume was measured using

image analysis software (Kwon et al., 2007).
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