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[IMMUNE FACTORS IN HUMAN MILK

B. CARLSSON*  J.R. CRUZ** B. GARCIA** L.A. HANSON*
and J.J. URRUTIA*¥

During recent years much information has accrued concerning factors in
human milk which may help the breast-fed infant in its defense against.
infections. Some of these factors, especially those with specific immune
functions, will be briefly reviewed.

LEUVUCOCYTESIN HUMAN MILK

Large numbers of leucocytes are present in human milk during late
pregnancy and the first few weeks of lactation. These cells arc primarily
macrophages, in some samples up to 80% of the cells. The macrophages
contain IgA antibodics in the cytoplasm (1) presumably originating
from the mammary gland and therefore supposcdly representing the
local synthesis of such antibodies. No specific function has been demon-
strated [or the milk macrophages, but it has been suggested that they
might protect the mammary gland against infection. It cannot be ex-
cluded that the macrophages or their content of IgA can play arolein the
defense against microorganisms in the infant’s gut.

T-lymphocytes are also recognized in the milk (2, 3). According to
Parvery et al. (1) and Oara and Oara (5) the T-lymphocytes in milk
show a different reactivity against mitogens and antigens than do T-
lymphocytes in peripheral blood, suggesting that they represent diffcrent
populations. It is possible that the milk T-lymphocytes may be part of a
cell-mediated local immune response and that they provide some form of
immunity to the neonate; it has been demonstrated that tuberculin
positivity can be transferred to the baby by breast feeding (6, 7).

Human milk also contains B-lymphocytes which primarily produce
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[g.\ antibodies (8). It is still unknown whether these cells represent the
lymphoid cell population of the mammary gland or whether they reach
the milk through the circulation. Observations in women with a Sal-
mouclla typhimurium infection during lactation have indicated that
intestinal exposure may result in antibodies appearing in the milk (g).
Lxperimental studies in rabbits (10) and in swine (11) have also sug-
gested that intestinal exposure mav be the initiator of milk antibodies.
Intestinal colonization.of women in late pregnancy with E.coli resulted
in the appearance of leucocytes in milk a few days later forming plaques
which could be recognized duc to presence of secretory lgr\ antibodies
against the O antigen of the colonizing strain ¢ 12). Experimental studies
by Rotvx and coworkers 1131 have strongly supported the notion that
there is a homing of lymphoid cells.from the gut alter intestinal antigenic
cxposure. moving via the [vmph and circulation to the mammary gland.
The inttiation of this homing seems to take place in the Peyer's patchesin
the gutand itis presumably directed by la-antigens on the epithelial cells
of the mammary gland. Appearance of such la-antigens in the gland is
under hormonal influence (14).

The homing to the mammary gland of specific IgA-producing cells
alter they have been exposed to antigens from the intestinal content, in
the Peyer’s patches, is probably part ol a generalized homing process of
IgA producing cells to the mucous membranes of exocrine glands 1 fig. 1).
As a result the breast-fed baby is provided in the maternal milk with
antibodies of the secretory type against a number of intestinal micro-
organisms to which the baby mav he exposed alter birth.

Antigen
entering the gut

Peyer’'s patch

bl%/—» salivary glands

Mammary glands

Submuc osal
glands

Fig. 1. Homing of Te\ producing cells to exocrine glands alter stimulation in the vut
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THE SECRETORY [‘.’,'.\ ANTIBODIES OF HUMAN MILK

As a consequence of the homing mechanism, human milk contains large
amounts of secrctory Ig\ 'Slg\r. The SlgA\ is composed of two IgA
monomers stabilized by two polyvpeptide chains, the J-chain and the
secretory component. The resulting antibody molecule is resistant
against enzymic degradation and pH-changes (15, 16).

Using a new technique for specific quantitation of SIg\ (17) it was
found that the initial values in colostrum were as high as 18.5 g/1, rapidly
diminishing to slightly less than 1 g/I. [t was noted that, simultancously
with-the decrease, there was an increase in volume which made the total
output ol secretory Ig.\ rather constant, as has been indicated in earlier
studies 18, 19:. We found that the concentration of SIgA is not signifi-
cantly dillerent in women [rom privileged and under-privileged groups
in Ethiopia (20) and Guatemala 7table 1) (21). This agreces with earlier

Table 1. Levels of secretory Lo L (g 1) and specific [g.1 antibodies (', of reference ) in mulk samples
Jrom rural and urban Guatemalan women.
Socio-cconomic group

Rural Urban poor Urban clite
mn  10) (n - 10) (n = 10}

Slg.\/l 0.h206% 0.8436 .02}
SlgA/2g h 0.300 0.357 0.450
anti F.coli a 13.0 17.3 37.1

b 6.9 0.7 20.2
anti Salmonella .\ a 8.5 0.5 12.¢4

b 4.2 4.1 6.7
anti Salmonella B i 10.0 132 12.0

) {-7 3.8 6.6
anti Nalmonella € a 12.0 21.3 31.3

b 5.6 9.8 18.5
anti Salmonella €, a 0.2 12.9 1.8

b 43 43 0.4
anti Salmonella D i 8.1 9.9 12.8

h -0 3-7 6.9
anti Salmonella E a 15.0 21.0 20.8

b 7.9 8.1 15.8
anti cow’s milk a 10.3 11.2 36.7

b 5-3 5.1 19.6

*

mein
a: antibody levelunit of volume
b: antibody level corrected for 21 h milk volume
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studies on milk from Pakistani women where the levels of E.col anti-
bodies were the same as in healthy Swedish women although the Paki-
stani women were severely under-nourished (22). Preliminary olbsrrva-
tions in the Pakistani women suggested that their milk volumes were
exceedingly low, however, diminishing their total output of secretory
IgA. They were under heavy stress, with their children admined to
hospital for severe discase, so further studies are recquired o edefine
whether or not lactation failure will result in decreased volumes but not
lowered concentrations of milk components.

Human milk contains antibodies against a number of O and K anti-
gens of E.coli. Such antigens are virulence factors of F.coli, ecperally
the K1 antigen found on about 802 of strains causing neon:ital epsis
and/or meningitis (23). This may be one reason why such infections are
more common in infants which have had little breast feeding than in
matched controls who get milk SIgA anti-K1 724). In milk [rom exposed
mothers high levels of antibodies of enteropathogenic F.coli are found
(20). They also have SIg:\ antibodies against Shigella (25) and against
E.coli and Vibrio cholerae enterotoxin (26). SIgA antibodies against
Salmonella antigens are also recognized in milk (211,

[n investigations of milk samples from urban clite, urban prwa and
rural women in Guatemala it was found that the antilidy levels au.tinst
E.coli enterotoxin, against E.coli O antigens and certain Salmonella O
antigens were often higher in the urban elite women ftable 1), 'l he ex-
planation for this is not yet obvious, but it may be relited to the fact
that the urban elite women use processed food which is nat available to
the poor women. The ditlerences in titres can not he explained by dif-
ferences in concentrations of SIgA or differcnces in volumes ol milk
which are similar in the three groups (21).

The milk also contains antibodies against viruses such as rota-virus
(27) and polio-virus (28). The mode of function ot the milk Sty \ anti-
bodies to various microbial antigens may simply he binding aml neu-
tralizing viruses and binding bacteria blocking their attachment 1 the
epithelium of the gut preventing further steps of the infe-ction process. In
fact such an anti-adherence activity of milk antibodies to E.coli hay been
demonstrated (20, 29, 30).
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INTESTINAL EXPOSURE AND VACCINATION INFLUENCING THE
MAMMARY GLAND IMMUNE RESPONSE

Exposure of mucous membranes is known to induce a local secretory IgA
production (16). From the above-mentioned observations of the homing
process it 1s, however, obvious that exposure of the intestinal mucosa
involving Peyer’s patches will result in a transfer of the secretory IgA
response also to distant exocrine glands like the mammary gland. It can
therefore be expected that repeated exposure of the intestinal mucosa
should result in a continuous production of milk IgA antibodies. Such
repeated exposures may explain the fact that the milk contains anu-
bodies against such a large number of different antigens from entero-
bacteria. It would otherwise be difficult to understand how the re-
portedly shortlived SIgA response could be present againstsuch an array
of antigens. Still it seems unlikely that the mothers have been exposed
within months to so many various antigens.

In a recent study we noticed that it was possible to boost an already
existent local immune response by parenteral vaccination. Thus, Paki-
stani women who had been naturally exposed to V.cholerae had anti-
bodies in the saliva as well as in the milk against the lipopolysaccharide of
V.cholerae. A parenteral vaccination not only increased the serum anti-
bodies, as expected, but also the milk and saliva antibodies with a
response that was dominated by SIgA (31). In contrast, Swedish women
who had no local response in the form of SIgA antibodies against the
V.cholerae in the saliva or milk did not show any booster effect on SIgA
of parenteral vaccination (21). It therefore seems possible to boost the
milk SIgA antibody titres by parenteral vaccination if a local response
alreadv exists. In the absence of such a response the parenteral vaccina-
tion will have no effect on the SIgA levels.

More recently, it has been noted that in lactating women who already
have secretory IgA antibodies in their milk against polio-virus, peroral
vaccination with live polio-virus lowers these titres. This was especially
evident if cholera vaccination was performed simultaneously, but per-
oral administration of polio vaccine alone was found to significantly
diminish the titres in 6 out of 10 women as well (21). The interpretation
of the finding is not yet apparent, but may be related to a local con-
sumption of the virus SIgA antibodies, or possible induction of tolerance
in the gut. Further studies will have to investigate this possibility and
also determine whether or not it is possible to boost the milk antibody
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response, instead by using an inactivated polio vaccine given paren-
terally. Anvhow, these studies indicate that it is possible to modulate the
local antibody response of the mammary gland occurring as SIgA anti-
bodies in the milk.

FOOD ANTIBODIES'IN HUMAN MILK

As a consequence of the assumption that the Pever's patches sample
antigens [rom the intestinal content exposing lymphoid cells that home
to exocrine glands, it can be cxpected that milk contains antibodies
against fogd proteins also and not only against antigens from more or
less invasive microorganisms. \ntibodies against cow’s milk have been
demonstrated in human milk 32, 33 . Significantly lower levels of SIgA
milk antibodies to cow’s milk were tound in groups of under-privileged
mothers trom Guatemala, where cow’s milk is not included in the diet,
than in an urban elite group table 1

The role of tood antibodies in the gut is not clear, but since Walker et
al. 34, found that antibodies can diminish the uptake of native un-
degraded food proteins in the gut and increase the amount of degraded
materiai absorbed. it is possible that the cow’s milk antibodies in the
human milk play a similar role-in the infant. This was analysed in a
comparative study of infants which were directly transferred from breast
feeding to artificial feeds and infants which were kept on mixed feeding,
that is breast feeding and artificial feeds. for more than 3 weeks. It was
seen that the infants on mixed feeding had significantly lower titres of
serum antibodies against cow’s milk proteins than the others “32.. This
suggests that the milk SIgA antibodies may diminish the systemic ex-
posure to potentially allergenic food components. This may be of rele-
vance till the time when the intants own SIgA production in the gut can
take over such an activity. On this basis it may be suggested that breast
feeding should be prolonged, and a period of mixed feeding, including
breast milk. should be inserted before weaning of infants with atopic
heredity.

NON-SPECIFIC HOST-DEFENSE FACTORS I[N HUMAN MILK

The difference in pH and consistency of the stool of the breast fed baby
compared to that of the artificially fed is striking. The reason for this
difference is multifactorial. Presumably the SIgA antibodies may add to
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the reducrtion in bacterial numbers and prevention of the attachment of
the bacteria to the epithelium of the intestine. Many other components
mav. however, take part in this like lactoferrin which has been shown to
be bacteriostatic by binding iron which is required as a growth factor for
bacteria ‘33;. Obviously, the bacteria produce chelating agents which
bind iron in competition with lactoferrin. In the presence of antibodies
the production and or release of these chelating agents is intertered with
and as a result lactoferrin binds the iron and the bacteriostatic effect
becomes more evident than with antibodies or lactoferrin alone (36;.
Other components such as lysozvme and bifidus factors may add to the
conditions that seem to make lactobacilli thrive in contrast to E.coli
which are tound in lower numbers in breast-ted infants than in non-
breast-fed "37,.

Taken together. human milk contains many components which may
with combined efforts diminish the number of potentially pathogenic
microorganisms in the infants gut. With the lower numbers of such
pathogens the chances tor the SIgA antibodies to prevent attachment of
the microorganisms to the epithelial membranes of the gut may be better
(30:. The efficiency of these various host-defense factors in human milk
mayv be an important reason why repeated studies have indicated that
breast-led infants have less frequent infections, especially in the gastro-
intestinal tract, than artificially fed {38, 39. 40, 11).

CONCLUSIONS

Human milk conrains in early lactation considerable numbers of macro-
phages as well as T- and B-lvmphocytes. The biological significance of
these cells has not been settled.

The dominating immunoglobulin in milk is secretory IgA which
presumably is locally produced in the mammary gland. The special
structure of these SIgA antibodies make them resistant against pro-
teolysis. so they can function in the gastrointestinal tract. It seems that
this local antibody response is closely connected with exposure to anti-
gens in the intestine. .As a result the human milk contains antibodies of
the secretory IgA type against a large number of antigens of various
microorganisms appearing in the gut, such as E.coli, V.cholerae, Shig-
ella, Salmonella and polio- and rota-virus. These antibodies may pri-
marily function by binding the microorganisms, hindering them from
attaching to and infecting via the mucous membrane of the gut.
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Recent findings have indicated that it is possible to boost an already
existent mammary gland antibody response by parenteral vaccination.

Human milk also contains antibodies against food proteins which may
be of importance to prevent the development of food allergy in atopic
infants. Through a prolonged perind of mixed feeding with human milk
and artificial feeds while the infant develops its own secretory [g:
svstem, a diminished exposure to the potential allergens of the artificial
teeds may result, decreasing the risk for atopic allergic reactions.

Human milk contains several non-specific host-detense factors in-
cluding lactoferrin which may aid in lowering the number of potential
pathogens in the infants’ gut. aiding the secretory IgA anubodies in their
role as preventors of contact between microorganisms and host tissue.
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