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CHAPTER 9 

Defense Agents in  Milk 
A. Defens e Agent s i n Huma n Mil k 

ARMOND S. GOLDMAN 
RANDALL M. GOLDBLUM 

I. Introductio n 

A. Factors  with  Nonnutrltive  Functions  In  Human Milk 

During th e pas t thre e decades , ther e ha s bee n a  growin g realizatio n tha t 
breast-feeding no t only provides the nutritional requirements of the infant , 
but als o supplie s a  hos t o f defens e factor s fo r th e protectio n o f th e 
recipient and/o r th e mammar y gland . Th e stud y o f thi s remarkabl e de -
fense syste m in  huma n mil k ha s bee n difficult , however , becaus e o f it s 
biochemical complexities , th e smal l concentration s o f certai n ver y poten t 
agents i n huma n milk , th e nee d t o develo p specia l method s t o quantif y 
certain factor s becaus e o f thei r particula r form s i n huma n milk , th e 
compartmentalization o f some of the agents, and the dynamic effects o f the 
length o f lactatio n an d othe r materna l factor s upo n th e concentrations o r 
functions o f th e components o f th e system . I n thi s chapter, w e summariz e 
the current information concerning the molecular forms, concentrations in 
milk during th e severa l phase s o f lactation , biologica l activities , fat e i n th e 
recipient infant, and in vivo functions o f the defense agent s in human milk . 

fi. General  Characteristics  of  Defense  Agents 
In Human Milk 

The defens e agent s i n huma n milk , thoug h biochemicall y diverse , shar e 
certain features : (1 ) ther e i s ofte n a n invers e relationshi p betwee n th e 
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production o f thes e factor s i n th e mammar y glan d an d thei r productio n 
by th e infan t durin g th e sam e tim e frame s o f lactatio n an d postnata l 
development. A s lactatio n progresses , th e concentration s o f man y o f th e 
factors i n human mil k fall . Concomitandy , th e productio n a t mucosal site s 
of thos e ver y factor s rise s i n th e developin g infant ; (2 ) mos t component s 
of th e immunologi c syste m i n huma n mil k ar e produce d throughou t 
lactation and durin g gradua l weaning ; (3 ) the factor s ar e usually commo n 
to othe r mucosa l sites ; (4 ) the y ar e adapte d t o resis t digestio n i n th e 
gastrointestinal trac t of th e recipient infant ; (5 ) they protec t by noninflam -
matory mechanisms ; an d (6 ) th e agent s ac t synergistically wit h eac h othe r 
or with defense agent s produced by the recipient. Representativ e example s 
of solubl e defens e agent s ar e liste d i n Tabl e I . 

I I . Type s of Defens e Agents i n Huma n Mil k 

A. Direct-Acting  Antimicrobial  Agents 

L Oligosaccharides-Glycoconjugates 

These agent s includ e monosialoganglioside s tha t ar e recepto r ana -
logues for heat-labile toxins produced b y Vibrio  choleras and Escherichiae coli 
(Holmgren et  ai, 1981) , fucose-containing oligosaccharide s tha t inhibit th e 
hemagglutinin activit y of th e classica l strai n of V. cholerae  (Holmgren et  ai, 
1983), fucosylate d oligosaccharide s tha t protec t against heat-stable entero -
toxin o(E. coli  (Newburg et  ai, 1990) , mannose-containing high-molecular -
weight glycoprotein s tha t bloc k th e bindin g o f th e E l To r strai n o f V, 
cholerae (Holmgren et  ai,  1981) , an d glycoprotein s an d glycolipid s tha t 
interfere wit h th e bindin g o f CFA/I I fimbrae  o n enterotoxigeni c E.  coli 
(Holmgren et  ai,  1987) . Th e inhibitio n o f toxi n bindin g appear s t o b e 
associated wit h acidi c glycolipid s tha t contai n siali c aci d (gangliosides) . 
Although the total quantities of gangliosides in human and bovine milk are 
similar, th e relativ e frequenc y o f eac h typ e o f gangliosid e compositio n i s 
distinct. Monosialo-gangliosid e 3  predominates i n human mil k (about 74% 
of tota l gangliosides), but not in bovine mil k (Laegrei d et  ai, 1986a,b) , and 
the enterotoxi n recepto r ganglioside , GMl , a s measure d b y a  highl y 
sensitive immunostaining method , is 10-fol d greate r in human than bovin e 
milk (Laegreid etal.,  1986a) . In that respect, GMl inhibit s the enterotoxin s 
of £ . coli  and V . cholerae  (Laegrei d an d Otnaess , 1987) . 

Oligosaccharides i n huma n mil k als o interfer e wit h th e attachmen t 
of Haemophilus  influenzae and Streptococcous  pneumoniae  (Andersso n et  ai, 
1986). I n particular , GlcNA c (pl-3)Gal-disaccharid e subunit s bloc k th e 
attachment of S.  pneumoniae to respiratory epithelium. I t is anticipated tha t 
carbohydrate side chains on a number of whey proteins in human milk will 
be foun d t o functio n a s recepto r analogues . 
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TABLE I 
Representative Soluble Defense Agents in Human Milk 

Representative functio n 

Anti-infectious agen t 

Oligosaccharides-glycoconjugates 

Lactoferrin 

Lysozyme 

Secretory Ig A 

Mucin 
Lipids 

Anti-inflammatory agent s 
Uric acid , ascorbate , 

a-tocopherol, p-caroten e 

Prostaglandins 
Cortisol, lactoferrin , EG F 
Platelet-activating factor — 
acetylhydrolase 

I mmunomodulators 
Interleukin-ip 
Interleukin-6 

Tumor necrosi s factor- a 

Inhibit bindin g o f bacteria l pathogen s 
and toxin s t o epitheliu m 
Decrease multiplicatio n o f siderophili c 
bacteria/fungi b y Fe'" ^ chelatio n 
Disrupts peptidoglycan s o f cel l wall s o n 
susceptible bacteri a 

Antibodies inhibi t adherenc e o f 
pathogens t o epithelium ; neutraliz e toxin s 

Inhibits rotaviru s 
Disrupt envelope d viruse s 

Antioxidants 

Cytoprotective 
Epithelial growt h factor s 
Degrades PA F 

Activates T  cells/monocyte s 
Aids termina l differentiatio n o f IgA -
producing cell s 
Upregulates productio n o f secretor y 
component. 
Activates T  cells/monocyte s 

In addition , ther e i s recent evidenc e tha t huma n mil k interfere s wit h 
the binding o f huma n immunodeficienc y viru s envelope antige n gpl2 0 t o 
CD4 molecule s o n T  cell s (Newbur g et  al., 1992) . Th e physical  character -
istics o f th e inhibito r wer e consisten t wit h mucins , sulfate d proteins , 
glycoproteins, o r glycoaminoglycans . 

Some dat a fro m anima l model s sugges t tha t th e oligosaccharide s an d 
glycoconjugates i n human mil k protec t in  vivo (Clear y et al., 1983 ; Otnaes s 
et al, 1982) , but there is little information fro m human studies that pertains 
to thi s questio n (Glas s et  al, 1983) . 

2. Proteins 

Many whey protein s i n huma n mil k hav e direc t antimicrobia l proper -
ties. Th e principa l one s ar e a s follows . 
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a. Lactoferrin . Lactoferrin , a  membe r o f th e transferri n famil y o f 
iron-binding glycoproteins , i s the dominan t whe y protei n i n huma n milk . 
Lactoferrin, a  single-chain glycoprotei n wit h 703 amino acids, has an M^ of 
79 kDa and two globular lobes, both of which display a site that binds ferri c 
iron (Anderso n et  ai, 1987) . Excep t fo r a  20-kD a fragmen t o f lactoferri n 
that immunologically cross-react s with  bovine P-lactoglobuli n (Mont i et  al., 
1989), th e vas t majorit y o f lactoferri n i n huma n mil k consist s o f intac t 
molecules. Ove r 90 % o f th e lactoferri n i n huma n mil k i s i n th e for m o f 
apolactoferrin (i.e. , does not contain ferri c iron) (Fransso n and Lonnerdal , 
1980). Thi s i s highl y advantageous , sinc e apolactoferri n compete s wit h 
siderophilic bacteri a for ferri c iro n (Arnol d et  al., 1977 ; BuUen et  al., 1972 ; 
Spik et al., 1978 ; Stephens et  al., 1980 ; Stuart et al., 1984 ) and thus disrupt s 
the proliferatio n o f thos e microbia l pathogens . Th e epithelia l growth -
promoting activities of lactoferrin in human milk may also be advantageou s 
to th e defens e o f th e recipien t infan t (Nichol s et  al.,  1987) . Th e mea n 
concentration o f lactoferri n i n huma n colostru m a s measure d b y electro -
immunodiffusion i s between 5  an d 6  mg/m l (Goldblu m et  al., 1982) . Th e 
concentration a t 4  week s fall s t o abou t 2  mg/m l (Goldblu m et  al,  1981 ; 
Goldman et  al.,  1982) . Afterwards , th e concentratio n o f lactoferri n aver -
ages abou t 1  mg/ml (Goldma n et  al, 1982) . 

In keepin g wit h it s resistanc e t o proteolysi s (Brine s an d Brock , 1983 ; 
Samson et  al, 1980 ; Spik  an d Montreuil , 1966) , a  number o f group s hav e 
reported tha t th e excretio n o f lactoferri n i n th e stool s i s higher i n huma n 
milk- tha n i n cow' s milk-fe d infant s (Butt e et  al,  1984 ; Davidso n an d 
Lonnerdal, 1985 , 1987 ; Spik  et  al,  1982) . Th e tota l dail y secretio n o f 
lactoferrin i n huma n mil k durin g th e firs t 4  month s o f lactatio n ha s bee n 
investigated b y a  test-weighin g procedur e an d immunologi c assays . Th e 
approximate mea n intak e o f mil k lactoferri n pe r da y i n health y full-ter m 
infants wa s reporte d t o b e 26 0 m g pe r kilogra m pe r da y a t 1  month an d 
125 mg per kilogram pe r day by 4 months (Butt e et al, 1984) . The amoun t 
of lactoferri n excrete d i n the stool s o f lo w birth weigh t infant s fe d huma n 
milk appears to be about 18 5 times that in infants fe d a  cow's milk formul a 
(Schanler et al, 1986) . However , thi s estimate i s probably to o high becaus e 
of th e presenc e o f immunoreactiv e fragment s o f tha t protei n (Goldma n et 
al, 1990) . 

In addition, ther e is a significant incremen t i n the urinary excretion o f 
intact an d fragmente d lactoferri n a s a  resul t o f huma n mil k feeding s 
(Goldblum ̂ ^ aZ., 1989; Goldman ̂ ^ a/., 1990 ; Prentice, 1987) . Recent stabl e 
isotope studie s sugges t tha t th e incremen t i n urinar y lactoferri n an d it s 
fragments i s principally fro m ingeste d huma n mil k lactoferri n (Hutchen s 
et al, 1991) . 

b. Lysozyme . Lysozyme , a  15-kD a single-chai n protein , i s foun d 
in relativel y hig h concentration s i n externa l secretion s includin g huma n 
milk (Chanda n et  al, 1964 ; Jolles an d JoUes, 1967 ; Goldblu m et  al, 1981 ; 
Goldman et  al, 1982 , 1983a,b ; Peiterse n et  al, 1975) . Lysozym e lyse s sus -
ceptible bacteri a b y hydrolyzin g p-1, 4 linkage s betwee n N-acetylmurami c 
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acid an d 2-acetylamino-2-deoxy-D-glucos e residue s i n cel l wall s (Chipma n 
and Sharon , 1969) . The agen t i s relatively resistan t t o digestion b y trypsi n 
or denaturatio n du e t o acid . Th e mea n concentratio n o f lysozym e i n 
colostrum a s measure d b y electroimmunodiffusio n i s abou t 7 0 pig/m l 
(Goldblum et  aL,  1981) . Th e concentratio n drop s t o abou t 2 0 |ig/m l a t 1 
month o f lactatio n an d the n rise s t o a  mea n o f 25 0 |ig/m l b y 6  month s 
(Goldman etaL, 1982) . The approximate mea n intake of milk lysozyme pe r 
day in healthy full-term infant s was reported t o be 3 or 4 mg per kilogra m 
per day a t 1  month an d 6  mg pe r kilogra m pe r day by 4 month s (Butt e et 
ai, 1984) . 

Limited studie s hav e bee n conducte d concernin g th e fat e o f huma n 
milk lysozym e tha t i s ingeste d b y th e infant . Th e amoun t o f lysozym e 
excreted i n th e stool s o f lo w birt h weigh t infant s fe d huma n mil k i s about 
eight time s tha t found i n infants fe d a  cow's mil k formulatio n (Schanle r et 
at, 1986) . There wa s no increment i n the urinary excretion o f thi s protei n 
as a  resul t o f huma n mil k feedings . Otherwise , th e in  vivo  fat e an d 
functions o f th e agen t remai n t o b e determined . 

c. Fibronectin . Significan t amount s o f fibronectin, a  high-molecular -
weight protei n tha t facilitate s th e uptak e o f man y type s o f particulate s b y 
mononuclear phagocyti c cells , ar e presen t i n huma n mil k (mea n concen -
trations i n colostrum, 13. 4 mg/liter ) (Fris s et  al., 1988) . Structura l analyse s 
of fibronectin  i n huma n mil k hav e no t bee n reported . Th e in  vivo  effect s 
of thi s broa d spectru m opsoni n i n huma n mil k ar e no t known . 

d. Complemen t components . Althoug h ther e i s evidence tha t th e com -
ponents o f th e classica l an d alternativ e pathway s o f complemen t ar e 
present in human milk , the concentrations of these components, except fo r 
C3, ar e exceptionall y lo w (Ballo w et  al, 1974 ; Nakajim a et  al., 1977) . Th e 
quantitation o f thes e component s ha s bee n limite d t o hemolyti c assays . 
Additional studie s with newer immunoassay s hav e no t been reported . I t is 
also unclea r whethe r th e structure s o f thes e molecule s ar e th e sam e a s 
those i n huma n blood . 

e. Immunoglobulins . Th e patter n o f th e concentration s o f majo r im -
munoglobulin isotype s i n huma n mil k i s quite differen t fro m thos e foun d 
in bloo d an d interstitia l fluids.  Th e predominan t immunoglobuli n i n 
human mil k i s Ig A (Goldma n an d Goldblum , 1989) . Ig A i s the dominan t 
immunoglobulin i n huma n milk , wherea s Ig G i s th e mos t commo n on e 
in adul t bloo d an d interstitia l fluids.  Th e principa l molecula r form s o f 
IgA i n bloo d an d mil k ar e different . Th e mai n for m i n seru m i s a  four -
chain structur e consistin g o f tw o identica l heav y polypeptid e chain s 
(predominantly th e a  1  isotype) an d tw o identica l ligh t chain s (eithe r x  o r 
X) linked by disulfide bonds . I n contrast to the Ig A monomers , a  polymeric 
form o f IgA , secretor y IgA , comprise s ove r 95 % o f Ig A i n huma n mil k 
(Goldman an d Goldblum , 1989) . Thi s typ e of Ig A consists of tw o identica l 
IgA monomers united by a 15-kDa polypeptide called the joining or J chain 
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and complexe d t o a  75-kD a glycopeptid e designate d a s secretor y compo -
nent (Mosto v an d Blobel , 1982 ; Mosto v et  al, 1984 ; Solar i an d Kraehen -
buhl, 1984) . This form o f Ig A i s assembled whe n dimeric Ig A binds to the 
first domain of polymeric immunoglobulin receptor s (Bakos et al., 1991 ) on 
the basolateral surface membranes of epithelial cells . Before th e assemble d 
molecule i s secreted , th e intracellula r par t o f th e origina l recepto r i s 
cleaved s o tha t th e final  molecul e consist s o f th e ectoplasmi c portio n 
(secretory component) an d dimeric IgA . Secretory Ig A is more resistan t t o 
proteolytic enzyme s an d therefor e i s mor e abl e t o persis t i n th e intestina l 
tract tha n othe r immunoglobulins . 

Specific antibodie s i n huma n mil k aris e fro m a  triggerin g o f entero -
mammary (AUardyc e et  al., 1974 ; Goldblum et  al., 1975 ; Roux et  al., 1977 ; 
Weiz-Carrington et  al, 1978 ) an d bronchomammar y (Fishau t et  al, 1981 ) 
immune pathways . I n th e cas e o f th e enteromammar y pathway , th e re -
sponsible immunoge n i s take n u p b y M  cell s o n th e surfac e o f Peyer' s 
patches. Th e immunoge n i s recognize d b y B  cell s whic h displa y specifi c 
IgM antibodie s t o the immunogen . Th e immunoglobuli n isotyp e o f th e B 
cells is switched to IgA, and those B cells are then launched into a migration 
pathway tha t begin s i n th e intestina l lymphatic s an d end s i n th e lamin a 
propia o f th e mammar y gland . Thos e B  cell s underg o termina l differen -
tiation to become plasma cells that produce dimeric IgA antibodies that are 
specific fo r th e ver y immunogen s tha t originall y triggere d th e pathway . 

The concentration s o f Ig M ar e muc h lowe r i n huma n mil k tha n i n 
serum (Jatsy k et  al, 1985 ; Mata and Wyatt , 1971) . Ig M molecule s i n bloo d 
and mil k displa y a  pentameri c structure . However , i n contras t t o seru m 
IgM, som e huma n mil k Ig M i s complexe d t o secretor y componen t 
(Brandtzeg, 1974) . I n th e fe w studie s tha t hav e bee n published , th e anti -
body specificitie s o f huma n mil k Ig M ar e simila r t o thos e o f th e majo r 
immunoglobulin isotyp e i n huma n milk , secretor y IgA . 

IgG, th e principa l immunoglobuli n i n huma n serum , i s presen t i n 
modest amounts in human milk (Jatsyk etal, 1985 ; KeWeretaL, 1983 ; Mata 
and Wyatt , 1971 ; McClelland etal,  1978 ; Ogra and Ogra , 1978 ; Peiterse n 
et aL, 1975) . Eac h Ig G subclas s ha s been detecte d i n huma n milk , bu t th e 
relative proportio n o f IgG 4 i s higher i n human mil k tha n serum (Kelle r et 
al, 1983) . I t has therefore bee n suggeste d tha t IgG 4 ma y b e produce d i n 
or specificall y transporte d t o th e mammar y gland . A n alternat e explana -
tion i s tha t th e increase d proportio n o f IgG 4 i s du e t o a  mor e efficien t 
exclusion o f othe r Ig G subclasse s fro m huma n milk . 

The quantity of IgD in human milk is lower than that in serum, but the 
decrease i s proportionally les s than i s reported fo r Ig G and Ig M (Kelle r et 
al., 1984) . IgE , the principa l typ e o f antibodie s responsibl e fo r immediat e 
hypersensitivity reactions , is essentially absent in human mil k (Underdow n 
et al, 1976) . 

There ha s bee n considerabl e interes t i n specifi c antibodie s i n huma n 
milk. Dependin g upo n th e precis e question , i t may b e necessar y t o deter -
mine th e fine  specificity , avidity , isotypes , an d quantitie s o f antibodie s i n 
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milk. Th e determinatio n o f th e fine  specificit y depend s upo n th e us e o f 
highly specifi c antigens . Eve n then , immunologi c cross-reactivity , particu -
larly agains t commo n enteri c microorganism s an d foo d antigens , ma y 
occur. Becaus e o f th e structur e o f secretor y IgA , immunoassay s tha t ar e 
designed t o quantif y Ig A wil l als o detec t secretor y IgA , bu t th e resultan t 
data ma y als o reflec t th e presenc e o f othe r molecula r form s o f IgA , suc h 
as monomeri c o r dimeri c IgA , tha t ar e no t complexe d t o secretor y com -
ponent. Secretory Ig A antibodies may be distinguished fro m other types of 
IgA antibodie s b y usin g specifi c antibodie s t o secretor y componen t i n 
solid-phase immunoassays , althoug h secretor y Ig M antibodie s wil l als o b e 
detected. 

Solid-phase immunoassay s i n whic h th e captur e antibod y i s directe d 
against th e a-chai n o f Ig A an d th e antibod y detecto r recognize s secretor y 
component have been used to quantitate total secretory Ig A in human milk 
(Goldblum et  aL,  1981) . Th e concentration s o f secretor y Ig A i n huma n 
milk wer e highes t i n colostru m (Goldblu m et  al.,  1981 ) an d graduall y 
declined t o a  platea u o f abou t 1  mg/m l fo r th e remainde r o f lactatio n 
(Goldman et  ai, 1982) . The approximate mea n intake of secretory Ig A pe r 
day i n health y full-ter m breast-fe d infant s wa s foun d t o b e 12 5 m g pe r 
kilogram pe r da y a t 1  mont h an d ~7 5 m g pe r kilogra m pe r da y b y 4 
months (Butt e et  al,, 1984) . 

The fat e o f huma n mil k secretor y Ig A fe d t o infant s ha s bee n exam -
ined. I n on e study , th e amoun t o f secretor y Ig A excrete d i n th e stool s o f 
low birth weight infants who were fed huma n mil k was about 30 times that 
in infants fed a cow's milk formula (Schanle r et ai, 1986) . In addition, there 
was a significant incremen t in the urinary excretion o f intact secretory Ig A 
antibodies a s a result of huma n mil k feeding s (Goldblu m et  ai, 1989) . Th e 
origin o f thos e antibodie s i n th e urin e o f infant s fe d huma n mil k i s 
undetermined. 

f. Mucins . Huma n mil k mucin s hav e recentl y bee n reporte d t o b e 
antimicrobial. Membran e mucin s o n huma n mil k fa t globule s interfer e 
with th e bindin g o f S-fimbriated  £ . coli  (Schroten et  ai, 1992 ) an d huma n 
milk mucin s defen d agains t rotaviru s (Yolke n et  ai,  1992) , th e mos t 
common caus e o f infectiou s enteriti s i n huma n infant s (Kapikia n et  ai, 
1981). Th e rang e o f th e antimicrobia l effect s o f thes e compound s i n 
human mil k an d thei r abilitie s t o cooperat e wit h othe r defens e agent s i n 
milk ar e unclear . 

B. Gro¥fth  Promoters of Protective Microorganisms 

In contras t t o bovin e milk , huma n mil k contain s a  growth-promotin g 
activity fo r Lactobacillus  bifidus  var . Pennsylvania  (Gyorg y et  ai,  1974) . 
It appear s tha t thi s activit y i s responsibl e fo r th e predominanc e o f 
Lactobacillus i n th e bacteria l flora  o f larg e intestine s o f breast-fe d infants . 
Those bacteri a produc e aceti c acid , whic h aid s i n suppressin g th e 
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multiplication o f enteropathogens . Th e bifidu s growth-facto r activit y i s 
due t o A -̂containing oligosaccharides (Gyorg y et  al, 1974 ) and glycopro -
teins an d glycopeptide s (Bezkorovain y et  ai, 1979 ; Nichol s et  ai, 1975) . 
The bifidus growth-promoter activity associated with caseins may reside in 
the oligosaccharide moiet y of those molecules (Bezkorovain y an d Topou-
zian, 1981) . 

C. Defense  Agents  Created  from  Partially  Digested 
Substrates from Human  Milk 

Human milk may also protect by supplying defense agents from substrates 
that are partially digested in the recipient's alimentary tract. Fatty acids and 
monoglycerides produce d fro m mil k fat s by bile salt-stimulated lipas e or 
lipoprotein lipase in human milk or lingual/gastric lipase from the recipient 
are able to disrupt enveloped viruses (Issacs et al., 1986; Stock and Francis, 
1940; Throma r et  a/., 1987 ; Wels h et  aL, 1979 ; Wels h an d May , 1979) . 
These antiviral lipids may aid in preventing coronavirus infections o f the 
intestinal tract (Resta et ai, 1985) . They may also defend agains t intestinal 
parasites such as Giardia lambdia  (Gilli n et  aL, 1983 , 1985) . 

The secon d exampl e o f th e generatio n o f biologicall y activ e agent s 
from enzymatic digestion of substrates in human milk is the production of 
P-casomorphins from ingested human casein (Brand, 1985). These peptide 
fragments hav e no t onl y opioid , bu t als o immunostimulatin g effect s 
(Berthou et  al, 1987 ; Parker et al„ 1984) . 

A 20-kDa fragment o f lactoferrin ha s been described i n human milk 
(Monti et  aL, 1989) , bu t it s function i s no t known . Fragment s o f huma n 
lactoferrin hav e bee n demonstrate d i n th e stool s o f huma n milk-fe d 
infants, an d th e multiplicit y o f thos e fragment s suggest s tha t som e apo-
lactoferrin fro m huma n mil k feeding s i s partiall y cleave d i n th e gas -
trointestinal tract of the recipient (Goldman et aL, 1990). Similar fragments 
of lactoferri n wer e demonstrate d i n th e urin e suggestin g tha t the y wer e 
from absorbed from the gastrointestinal tract and excreted into the urinary 
tract (Goldma n et  aL,  1990) . Th e biologi c activit y o f th e fragment s o f 
lactoferrin i n the excreta of the recipients is undetermined. I t is undeter-
mined whethe r on e o f thos e fragment s i s simila r t o th e pepsin-derive d 
fragment of lactoferrin, lactoferricidin-B, that is bactericidal (Bellamy etaL, 
1993; Yamauchi et  aL, 1993). 

D. Leukocytes 

Living white blood cells are present in human milk particularly during the 
first 3  or 4 months of lactation. The concentrations of these leukocytes are 
highest in the first 2-4 day s of lactation and gradually decline during the 
next few months . Neutrophil s an d macrophage s ar e the most prominen t 
cells in human milk . I t is necessary t o employ specia l cytochemica l stain s 
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or immunologi c marker s t o distinguis h th e neutrophil s fro m th e macro -
phages i n huma n mil k becaus e thei r morpholog y i s altere d b y th e larg e 
amount o f lipi d vesicle s i n thei r cytoplas m (Smit h an d Goldman , 1968 ; 
Smith et  ai, 1971) . 

Although huma n mil k neutrophil s ar e phagocytic , the y ar e unabl e t o 
adhere t o common substrata , mov e a s rapidly a s neutrophils fro m venou s 
blood, o r respon d t o chemotacti c agent s (Thorp e et  a/. , 1986) . Thos e 
features may be due to prior activation in that recent flow cytometry studie s 
demonstrate tha t neutrophil s i n huma n mil k displa y change s i n thei r 
surface phenotype s (increase d expressio n o f CD l ib, decrease d expressio n 
of leukocyt e adhesio n molecule-1 ) tha t are foun d o n activate d neutrophil s 
(Keeney et  al., 1992) . 

Macrophages i n mil k als o appea r t o b e activated . Thi s i s suggeste d 
from thei r morpholog y (Smit h et  ai,  1971) , thei r surfac e phenotypi c 
features (Keene y et  aL, 1992) , an d thei r enhance d motilit y in  vitro  (Mush -
taha et  aL, 1989 ; Ozkarago z et  aL, 1988) . Huma n mil k macrophage s hav e 
also been foun d t o produc e toxi c oxyge n radical s (Tsud a et  aL, 1984 ) an d 
express clas s I I gen e product s o f th e majo r histocompatibilit y comple x 
(Wirt et  aL,  1992) . Th e in  vivo  function s o f thes e leukocyte s ar e no t 
established. 

Lymphocytes are also found consistend y in human milk . About 80% of 
them ar e T  cell s (Wir t et  aL,  1992) . Ther e i s controvers y concernin g th e 
relative frequencies of the major subsets of T cells in human milk and som e 
of th e difference s i n th e result s fro m differen t studie s ma y b e du e t o 
methodologic variables . The proportion s o f CD 3 + CD4-̂  an d CD S "^ CDS + 
in unfractionated huma n milk leukocytes examined by immunofluorescen t 
microscopy wer e simila r t o thos e i n huma n bloo d (Kelle r et  aL,  1986) , 
whereas the proportions of CD  ̂CDS  ̂in human milk leukocytes that were 
separated by density gradient centrifugation an d examined b y flow cytom-
etry wer e highe r tha n thos e i n periphera l bloo d (Richi e et  aL,  1982) . 
Recently, unfractionate d huma n mil k leukocyte s wer e foun d b y flow  cy -
tometry t o hav e a  higher relativ e frequenc y o f CD S "^ CDS "^ tha n thos e i n 
peripheral bloo d (Wir t et  aL, 1992) . The cytotoxi c response s o f thes e cell s 
are poo r (Koh l et  aL, 1978 , 1980) , bu t th e cell s ar e capabl e o f generatin g 
certain lymphokines ^ includin g interferon- y an d monocyt e chemotacti c 
factor Emodi and Just, 1974 ; Keller^/a/., 1981 ; Lav/tonetaL, 1979) . In that 
respect, essentiall y al l T  cell s i n huma n mil k bea r th e phenotypi c marke r 
of memor y T  cell s (leukocyt e commo n antige n isoform , CD45RO ) (Ber -
totto et  aL, 1990 ; Wirt et  aL, 1992) , an d tha t typ e o f T  cel l i s the principa l 
producer o f interferon- y (Berlott o et  aL, 1990 ; Sander s et  aL, 1988) . 

The in  vivo  rol e o f T  cell s i n huma n mil k i s uncertain , bu t i t i s o f 
considerable interes t tha t ver y smal l number s o f memor y T  cell s ar e 
detected in blood in infancy (Hayward etaL,  1989) . Thus, it may be possible 
that materna l memor y T  cell s i n mil k compensat e fo r th e developmenta l 
delay i n thei r productio n i n th e infant . Ther e i s evidenc e fro m experi -
mental anima l studie s tha t mil k lymphocyte s ente r tissue s o f th e neonat e 
(Head et  aL, 1977 ; Jain et  aL, 1989 ; Schnorr an d Pearson , 1984 ; Weiler et 
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al., 1983) , but that has not bee n demonstrate d i n humans . I n tha t regard , 
comparisons betwee n th e phenotypi c expressio n o f CD45R O o n T  cell s in 
the bloo d o f breast-fe d an d nonbreast-fe d infant s wil l b e o f interest . I n 
addition, furthe r studie s ar e i n orde r o f th e patter n o f antigen s t o whic h 
these T cell s respond (Parmele y et aL, 1976 ) and the repertoire of the T cel l 
antigen receptor s o f thos e cell s i n huma n milk . 

E. Antl'inflammatory  Agents 

One o f th e extraordinar y feature s o f th e protectio n afforde d b y huma n 
milk i s th e virtua l absenc e o f clinica l sign s o f inflammatio n durin g th e 
gastrointestinal infections . Thi s ma y b e du e i n par t t o th e mor e rapi d 
elimination o r neutralizatio n o f microbia l pathogen s i n th e lume n o f th e 
gastrointestinal trac t b y defens e agent s fro m huma n milk , bu t othe r 
features o f huma n mil k sugges t tha t thi s i s no t th e sol e explanation . 
Phlogistic agent s an d th e system s tha t giv e ris e t o the m ar e poorl y repre -
sented i n huma n milk . I n addition , huma n mil k contain s a  hos t o f anti -
inflammatory agent s (Goldma n et  aL, 1986 ; Goldma n et  ai, 1989b) , som e 
that doubl e a s antimicrobia l factor s (lactoferrin , secretor y IgA , an d 
lysozyme). Th e majo r classe s o f thes e anti-inflammator y agent s i n huma n 
milk include factors that promote the growth of epithelium, such as Cortisol 
(Kulski etal., 1981) , epithelial growt h factor (Carpenter , 1980) , polyamine s 
(Romain et  ai,  1992) , an d lactoferri n (Nichol s et  ai,  1987) , antioxidant s 
(ascorbate-like compound , uri c acid , p-carotene) , an d agent s tha t inhibi t 
nonoxidative inflammator y system s suc h a s prostaglandin s (Ne n et  aL, 
1988) and platelet-activating factor acetylhydrolase (Furukaw a et ai, 1992) . 
Like the antimicrobial factors , thes e factor s ar e wel l adapted t o operate i n 
the hostil e environmen t o f th e alimentar y tract . 

The natur e o f th e antioxidant s i n huma n mil k ha s recentl y bee n 
investigated (Buesche r an d Mcllheran , 1992) . I t was found tha t the peak s 
of antioxidan t activit y i n colostru m wer e du e t o a n ascorbate-lik e com -
pound an d uri c acid . I n addition , tw o othe r antioxidant s i n huma n milk , 
a-tocopherol (Chapel l et  ai,  1985 ; Ostre a et  ai,  1986 ) an d P-caroten e 
(Ostrea et ai, 1986) , are absorbed int o the circulation wher e they may hav e 
systemic effects . I n tha t regard , seru m vitami n E  concentration s ris e i n 
breast-fed infant s from a  mean of 0.3 mg/m l a t birth to —0.9 mg/ml on th e 
fourth da y o f life . Otherwise , ther e i s little informatio n concernin g th e in 
vivo fat e an d function s o f th e anti-inflammator y agent s i n huma n milk . 

F. Immunostlmulating  Agents 

If human mil k stimulate s certai n defens e system s in th e infant , on e migh t 
predict tha t th e effect s migh t lea d t o long-lastin g resistance . Supportin g 
epidemiologic evidenc e fo r tha t premis e ha s bee n mountin g fo r severa l 
years. The incidenc e o f juvenile diabete s mellitu s (Maye r et  aL, 1988 ) an d 
Crohn's diseas e (Koletsk o et  aL, 1989 ) appear s t o b e les s amon g childre n 
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who have bee n breast-fe d durin g infancy . I n addition , a  recent retrospec -
tive analysis suggest s tha t breast-feeding lessen s th e ris k fro m lymphoma s 
(Davis et  al,  1988) . I n eac h study , considerabl e relianc e ha s bee n place d 
upon th e abilitie s o f mother s t o recal l th e typ e an d duratio n o f feedin g 
given t o thei r offspring ; yet , recal l o f event s tha t transpire d man y year s 
beforehand ma y b e suspect . Undoubtedly , prospectiv e studie s o f th e 
possible long-ter m protectiv e rol e o f huma n mil k wil l b e require d t o 
further explor e th e possibl e long-ter m benefit s o f huma n milk . 

A numbe r o f experimenta l observation s als o suggest tha t huma n mil k 
provides active protectio n fo r th e recipien t infant . Th e productio n o f Ig A 
at mucosal site s ma y b e enhance d b y huma n mil k (Goldblu m et  al, 1989 ; 
Prentice, 1987 ; Schanler ̂ ^ a/., 1986 ; Stephens, 1986 ; Stephens ̂ ^ a/., 1984) . 
Although in most of those studies it has been difficul t t o exclude th e effec t 
of passivel y transferre d secretor y IgA , i n tw o investigation s th e excretio n 
of Ig A wa s increase d i n th e urinar y tract , a  syste m remove d fro m direc t 
contact with huma n mil k (Goldblu m et  al, 1989 ; Prentice , 1987) . Further -
more, in one report the urinary excretion o f free secretory component was 
also remarkabl y increase d i n infant s fe d huma n mil k (Goldblu m et  a/. , 
1989). Th e M^  of thes e protein s fa r exceed s th e siz e o f molecule s filtered 
by glomerul i an d neithe r secretor y componen t no r secretor y Ig A ar e 
transported fro m th e systemi c circulatio n int o externa l secretion s b y epi -
thelial cells. I t is, therefore, likel y that human mil k feedings stimulate d th e 
synthesis of secretory component b y epithelial cells in the urinary tract and 
that this , i n turn , enhance d th e transpor t o f secretor y Ig A int o th e urin e 
of the infants. The component s in human milk that may be responsible fo r 
such a n enhancemen t ar e undetermine d a t thi s time . 

The second typ e of evidence tha t the recipient infant's immune syste m 
is stimulated b y breast-feeding i s the increase in certain immune factor s i n 
the bloo d o f breast-fe d infant s tha t canno t b e accounte d fo r b y th e level s 
of those factors in human milk . The respons e of breast-fed an d nonbreast -
fed infant s t o respiratory syncytia l viru s (RSV) infectio n wa s compared b y 
measuring thei r serum interferon- a level s (Chib a et  al, 1987) . The seru m 
levels of interferon- a wer e strikingl y increase d i n breast-fed infant s i n th e 
first 2 - 4 week s afte r RS V infection . Sinc e ther e i s littl e interferon- a i n 
human milk , i t seem s likel y tha t huma n mil k i s abl e t o prim e leukocyte s 
in the hos t to produce tha t cytokine. I n addition, there is evidence tha t the 
plasma concentration s o f fibronectin  ar e highe r i n breast-fe d tha n 
nonbreast-fed infant s (23 7 and 17/mg/liter , respectively ) (Fris s etal, 1988) . 
Since the amount of ingested fibronectin  i s not sufficient t o account for th e 
increment in plasma fibronectin  tha t has been observed, it seems likely that 
human mil k induce s th e synthesi s o f tha t opsoni n i n th e infant . 

The las t piec e o f evidenc e come s fro m discoverie s o f immunomodu -
lators i n huma n milk . Huma n mil k contain s a  hig h concentratio n o f 
a-tocopherol, a n agen t which , i n additio n t o it s antioxidan t effects , i s 
known t o stimulat e th e developmen t o f immunit y (Bendic h et  al,  1983 , 
1984, 1986 ; Tengerd y et  al, 1981) . Severa l glycoprotein s tha t orchestrat e 
the development an d function s o f th e immune syste m hav e been foun d i n 
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human milk . Thes e agents , terme d cytokines , requir e onl y minut e quan -
tities to be bioactive . Moreover , ther e ar e man y interrelationship s betwee n 
those agents . Th e cytokine s an d thei r concentration s (mea n value s unles s 
otherwise indicated ) i n earl y huma n mil k ar e (1 ) interleukin-1 P (IL-IP ) 
(--1130 pg/ml ) (Muno z et al, 1990) , (2 ) IL- 6 ( -15 0 pg/ml ) (Sait o et al., 
1991; Rudloff et al., 1993) , (3) IL- 8 (--368 0 pg/ml ) (Palkowet z etai, 1994) , 
(4) IL-10 (-330 0 pg/ml ) (Garofal o etai, 1995) , (5) tumor necrosi s factor- a 
(--620 pg/ml ) (Mushtah a et al, 1989 ; Rudlof f ̂ ^ a/., 1992) , an d (6 ) trans -
forming growt h factor- P (—13 0 pg/ml ) (Nod a et a/., 1984 ; Palkowet z et al, 
1994), granulocyt e colony-stimulatin g facto r (45-155 4 pg/ml ) (Gilmor e et 
al, 1994) , an d macrophag e colony-stimulatin g facto r (Har a et al, 1995) . 
The effect s o f these agents in human mil k on th e recipien t infan t ar e as yet 
unknown, bu t i t i s likel y tha t the y wil l influenc e th e developmen t o f th e 
defenses o f th e respirator y an d alimentar y tract . 

III. Cod a 

Because of the heterogeneity an d complexit y o f the immunologic syste m i n 
human milk , definitiv e investigation s o f th e molecular , quantitative , an d 
functional feature s o f th e component s o f th e syste m hav e ofte n bee n 
incomplete. Althoug h considerabl e progres s ha s bee n mad e towar d de -
fining man y aspects of the defense syste m i n huma n milk , further researc h 
will be required t o identify th e entire system, unravel the molecular biolog y 
and mechanism s o f productio n an d secretion , an d determin e th e discret e 
role o f eac h componen t o f th e syste m i n th e defens e o f th e mammar y 
gland o r th e recipien t infant . I n th e process , i t wil l continue t o b e impor -
tant to anticipate tha t the ultimate role of these defense agent s may depen d 
upon a  multiplicit y o f interaction s wit h othe r factor s i n th e syste m foun d 
in mil k o r wit h defens e agent s o r cell s produce d b y th e breast-fe d infant . 
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