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The nature and extent of the transmission
of immunity by the mammary gland from
the mother to her offspring is related to the
rate of transmission during foetal life: in
mammals with immunoglobulin (Ig) permeable placenta, the systemic immunity of
the mother is transferred during foetal life;
in contrast, in artiodactyls with Ig impermeable placenta, systemic immunity is transmitted just after birth by the Ig enriched
colostrum, and the neonate gut is permeable
to Ig during the first 36 h after birth [1].
Then the transmission of mucosal immunity
takes over systemic immunity. The nature
and purpose of both types of immunity are
different: the systemic immunity is convoyed by the Ig isotype with destroying
properties in the presence of the complement, IgM and more appropriately by IgG
(of lower molecular weight and thus more
prone to diffuse in tissue spaces and trap the
pathogen) [2]; in contrast, the mucosal protection is assured by dimeric IgA, which
protects the mucosae by a non inflammatory
mechanism such as the inhibition of pathogen attachment to the mucosae: in simplestomached animals, both colostrum/milk
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are rich in secretory dimeric IgA (S-(IgA)2):
moreover, colostrum is richer in IgA than
milk in species with systemic immunity
protection during fetal life. Since secretory
IgA in mammary secretions are specific of
pathogens in contact with the mucosae, the
mother thus ensures an immunity of the
newborn, until weaning, at a time when
the mucosal immune system of the young is
able to mount a good protective immune response [3].
In the sow as in the mouse, Ig plasma
cells are present in the mammary gland at
delivery and during lactation [4, 5]. In the
mouse, it has been shown conclusively that
these plasma cells originate as cell-precursors in the gut Peyer’s patches then they migrate in the blood and home into the
mammary gland (the so-called entero-mammary link) at a time when this gland begins
lactation [6]. Once in the mammary gland
these plasma cells release in situ the dimeric
IgA which will be excreted in the milk after
transcytosis of the mammary epithelial cell
via the IgA receptor. In species such as the
mouse, the concentration of IgA in the milk
increases during lactation and is accounted
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for by an increase in IgA plasma cell number [7] rather than by an increase in IgA excretion by the IgA receptor; in contrast, in
ruminants the excretion of gut-borne Ig is
mediated predominantly by this receptor.
With the hope to enhance the protective
properties of the mother’s milk for its progeny, we investigated the mechanisms of the
homing of lymphocyte precursors into the
mammary gland [8].
In swine, we first showed that T and B
cells (as judged by the presence of IgA, IgM
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or IgG) differentially and inversely accumulate in pregnancy and lactation, respectively,
i.e. B cells increased when T cells decreased
(Fig. 1, [4, 9]). Thereafter, we looked at the
mouse mammary gland and found a similar
inverse relationship between T and B cells
[10]. Since the different migration pathways
of lymphocytes in the body may be determined by the expression of particular structures on the surface of endothelial cells of
the blood vessels (vascular addressin) and
complementary structures on the membranes

Mammary gland developmental stage (day)
Figure 1. A comparison of the expression of MadCAM-1 (upper graph) and the accumulation of T
cells (CD3, and β7) and IgA B cells in pregnancy and lactation (lower graph), respectively. Note that
whilst T cells increase in pregnancy correlatively to MadCAM-1 (vascular addressin) and β7 integrin
(homing receptor onto lymphocyte), they decrease in lactation. In contrast IgA B cells which nearly
are absent in pregnancy, increase in lactation, whilst the expression of MadCAM-1 decreases.

Figure 2. Cellular and humoral factors regulating the increase of homing into the mammary gland of T cells in pregnancy and IgA B cells in lactation. In
pregnancy, MadCAM-1 could be the unique rate determining factor to govern the extravasations (arrow) of gut-derived α4β7 T cells; the expression of this
addressin is regulated by an ERE (suggesting an hormonal regulation): the interaction between the vascular addressin MadCAM-1 (molecule of the superIg
family) and the homing receptor (HR), α4β7 integrin dimer, is depicted in the rectangle with interrupted lines. In contrast, B cells and IgA plasma cells,
whose 30% are α4β7, need an additional factor to be extravasated in the mammary gland, such as a milk chemokine or a chemoattractant. It is hypothesised
that such soluble factor (plain circle) delivered by the epithelial cells is reexpressed by haptotaxis onto the luminal side of the endothelium, and thus may interact with the corresponding ligand receptor (small rectangle) onto the lymphocyte membrane. Once, the IgA lymphoblast has crossed (thin arrow) the endothelium, it transforms (wide arrow) into plasma cells delivering the IgA antibody. Note that T and B cells exhibiting α4β7 derive from the gut where they
have been stimulated and hence the plasma cells excrete IgA in the milk of the same antibody specificity as those of the gut IgA. This is the basis of the
entero-mammary immune link.
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of lymphocytes (the ligand as the “homing
receptor”) [11], we looked at the expression
kinetics of both addressins and homing
receptors.
We showed that MadCAM-1 (the mucosal
addressin cell adhesion molecule, specific
of gut blood vessels), and α4β7 integrin (the
corresponding homing receptor) were correlative of the T cell number (Fig. 1). Thus
the α4β7 T lymphocytes (mainly CD8 T
cells located in the epithelium) of gut origin
accumulate in the mammary gland during
pregnancy in the proportion of the
MadCAM-1 expression – an expression ascertained either by RT-PCR [12] or by
immunohistochemistry [10] – while the α4β7
plasma cells accumulated later in lactation
when MadCAM-1 started to decline (Fig. 1).
This last result, together with the homing
in the mammary gland of β7 [13] and β7 and
L-selectin knockout mice [14] suggested
that additional factors may be necessary for
the homing of IgA B cells into the mammary gland; thus this led us to seek for a
factor of epithelial origin and specifically
chemoattractant for IgA lymphoblasts. Such
a factor should be excreted or delivered in
the parenchyma, transported through the endothelium and be reexpressed at the luminal
surface of endothelial cells, by a process
known as haptotaxis (Fig. 2) [15]. Our results showed that such a factor is present in a
sow milk ultrafiltrate (10 kDa) [16]. This
factor may be tentatively different from the
chemokines, already identified in milk [17].
We have not yet, however, explored the
possibility of negative and positive interactions [18] between this factor and hormones.
As expected with a tertiary lymphoid organ, the peripheral lymph-node vascular
addressin (PNAd) is not present in the mammary gland, whatever the developmental
stage, in keeping with the absence of lymphocytes expressing L-selectin: this suggests that only memory cells migrate into
the mammary gland. Interestingly, one of
the ligands of L-selectin, Glycam-1 is not
present on the endothelial cells of blood

vessels, but in the epithelial cells and is excreted in milk; however this protein lacks
the sulfate-modified carbohydrate necessary to interact with L-selectin [19]. In addition, the mammary gland lymph node looks
like a somatic lymph node by the presence
of PNAd on the endothelial cells and the absence of MadCAM-1.
Thus, in the mouse, differences in the recruitment of T and B cells, in gestation and
lactation respectively, is accounted for by
differences in the development of vascular
addressins and chemoattractants (Fig. 2).
Although there could be some variations between mammals due to the various kinetics
of Ig lymphocyte colonisation, these results
strengthen the idea that one could (1) increase the protection of the mammary gland
itself while acting on the expression of
MadCAM-1 via its ERE (estrogen-responsive element) [20] by hormonal modulation
to recruit more CD8 lymphocytes and
(2) enhance the mucosal protection of the
newborn by a milk richer in IgA. For this, a
better recruitment of IgA plasma cells may
be assured through the increase of both
MadCAM-1 and chemoattractant factor
expressions.
In conclusion, these results illustrate the
various means used by the mammary gland
to integrate physiological and immunological functions to protect the neonate and to
ensure the perpetuity of the species. Lastly,
the presence of chemoattractants in the milk
may lead to the research of milk biopeptides
to enhance mucosal protection.
REFERENCES
[1]

[2]

[3]

Berthon P, Tanneau G, Salmon H. Immune factors of mammary secretions. In: Martinet J,
Houdebine LM (Eds), Biology of Lactation,
INRA, 2000, p 453–480.
Salmon H. Immunity in the fetus and the newborn infant: a swine model. Reprod Nutr Dev
1984, 24: 197–206.
Salmon H. The mammary gland and neonate
mucosal immunity. Vet Immunol Immunopathol
1999, 72: 143–155.

Immunophysiology of the mammary gland and transmission of immunity to the young 475
[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]

Salmon H. The intestinal and mammary immune
system in pigs. Vet Immunol Immunopathol
1987, 17: 367–388.
Magnusson U. Longitudinal study of lymphocyte
subsets and major histocompatibility complexclass II expressing cells in mammary glands of
sows. Am J Vet Res 1999, 60: 546–548.
Roux ME, McWilliams M, Phillips-Quagliata
JM, Weisz-Carrington P, Lamm ME. Origin of
IgA-secreting plasma cells in the mammary
gland. J Exp Med 1977, 146: 1311–1322.
van der Feltz MJ, de Groot N, Bayley JP, Lee SH,
Verbeet MP, de Boer HA, Lymphocyte homing
and Ig secretion in the murine mammary gland.
Scand J Immunol 2001, 54: 292–300.
Salmon H. Mammary gland immunology and
neonate protection in pigs. Homing of lymphocytes into the MG. Adv Exp Med Biol 2000,
480: 279–286.
Chabaudie N, Le Jan C, Olivier M, Salmon H.
Lymphocyte subsets in the mammary gland of
sows. Res Vet Sci 1993, 55: 351–355.
Tanneau GM, Hibrand-Saint Oyant L,
Chevaleyre CC, Salmon H. Differential recruitment of T- and IgA B-lymphocytes in the developing mammary gland in relation to homing
receptors and vascular addressins. J Histochem
Cytochem 1999, 47: 1581–1592.
Butcher EC, Picker LJ. Lymphocyte homing and
homeostasis. Science 1996, 272: 60–66.
Nishimura T, Koike R, Miyasaka M. Mammary
glands of Aly mice: developmental changes and
lactation-related expression of specific proteins,
alpha-casein, GLyCAM-1 and MAdCAM-1.
Am J Reprod Immunol 2000, 43: 351–358.
Tanneau G. Distinction des mécanismes de domiciliation des lymphocytes T et B dans la glande
mammaire de souris au cours de son développement, Université F. Rabelais, Tours, 1999.

[14] Czarneski J, Berguer P, Bekinschtein P, Kim DC,
Hakimpour P, Wagner N, Nepomnaschy I,
Piazzon I, Ross SR. Neonatal infection with a
milk-borne virus is independent of beta7
integrin- and L-selectin-expressing lymphocytes. Eur J Immunol 2002, 32: 945–956.
[15] Middleton J, Neil S, Wintle J, Clark-Lewis I,
Moore H, Lam C, Auer M, Hub E, Rot A.
Transcytosis and surface presentation of IL-8 by
venular endothelial cells, Cell 1997, 91:
385–395.
[16] Fronteau D, Tanneau GM, Henry G, Chevaleyre
CC, Leonil J, Salmon H. Activité chimiotactique
de lait d’artiodactyle sur les lymphocytes porcins.
J Rech Porcines 1998, 30: 363–367.
[17] Michie CA, Tantscher E, Schall T, Rot A. Physiological secretion of chemokines in human
breast milk. Eur Cytok Netw 1998, 9: 123–129.
[18] Wiedermann CJ, Reinisch N, Bellmann R,
Schratzberger P, Kowald E, Kahler CM. Different patterns of deactivation of chemotaxis and
haptotaxis of human peripheral blood mononuclear leukocytes by soluble and surface-bound
attractants. J Leukoc Biol 1995, 58: 438–444.
[19] Dowbenko D, Kikuta A, Fennie C, Gillett N,
Lasky LA. Glycosylation-dependent cell adhesion molecule 1 (GlyCAM 1) mucin is expressed
by lactating mammary gland epithelial cells and
is present in milk. J Clin Invest 1993, 92:
952–960.
[20] Sampaio SO, Li X, Takeuchi M, Mei C, Francke
U, Butcher EC et al. Organization, regulatory sequences, and alternatively spliced transcripts of
the mucosal addressin cell adhesion molecule-1
(MAdCAM-1) gene. J Immunol 1995, 155:
2477–2486.

To access this journal online:
www.edpsciences.org

