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Abstract

 

Lactating animals are particularly susceptible to mastitis during the early stages of mammary gland involution

following weaning. In this study we compared the phagocytic capacity of cells collected from sheep mammary

secretions at different stages of involution. The ability of neutrophils and macrophages to ingest latex beads in an

 

in vitro

 

 phagocytosis assay was found to be dependent on how heavily the phagocytes were loaded with milk

constituents. There was a decline in the phagocytic capacity of neutrophils from 1 to 2 days after weaning, while

macrophages collected from fully involuted glands were more effective phagocytes compared with earlier stages

(7–15 days) of involution. In addition, dendritic cells present in fully involuted mammary gland secretions (30

days after weaning) were highly phagocytic. These studies demonstrate that neutrophils and macrophages in

sheep mammary secretions at early stages of involution are incapacitated, and as such may compromise the immune

status of the mammary gland.
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Introduction

 

The mammary gland is endowed with a significant local

immune system that comprises specific and innate

factors and plays an important role in the local defence

of the gland throughout the lactation cycle (Sheldrake

et al. 1985; Lee et al. 1992; Sordillo et al. 1997). Regres-

sion or involution of the mammary gland takes place

either at the end of lactation or following weaning,

during which time the morphology of the gland alters

dramatically. Studies in our laboratory (Lee & Outteridge,

1981; Lee et al. 1983; Tatarczuch et al. 1997, 2000)

have shown that the tissue changes associated with

involution have a major influence on the local immune

cells and the proportion of the different leucocyte

subpopulations present in the mammary gland. During

involution of the mammary gland, neutrophils, macro-

phages and T lymphocytes are present in the glandular

tissues and mammary involution secretions (Tatarczuch

et al. 1997, 2000). Our previous studies have shown

that phagocytes in early involution secretions contain

a large amount of engulfed material, suggesting

that they may be incapacitated (Tatarczuch et al.

2000). This is consistent with other studies which showed

that milk cells are less effective at phagocytosis than

blood leucocytes (Sordillo et al. 1997). Our findings may

partially account for the reports that the mammary

gland is more susceptible to intramammary infections

during the early period of involution (Nickerson, 1989;

Oliver & Sordillo, 1989). However, it has not been demon-

strated whether the phagocytic capacity of neutrophils

and macrophages is compromised in early compared to

fully involuted glands.

As an extension of previous studies we employed an

 

in vitro

 

 phagocytosis assay to investigate changes in the

phagocytic capacity of neutrophils and macrophages

collected from mammary secretions at different stages

of mammary gland involution.

 

Materials and methods

 

Collection and preparation of cells from milk and 

mammary involution secretions

 

All experimental animal procedures and the collection

of cells were approved by the Animal Experimentation
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Ethics Committee of the University of Melbourne,

following guidelines set by the National Health and

Medical Research Council (NH & MRC) of Australia.

Pregnant ewes were randomly allocated to seven

groups of three, and mammary secretions were

collected at 1, 2, 4, 7, 15, 30 and 60 days after lambs

were weaned 5 days after birth. These time points were

chosen on the basis of our previous report (Tatarczuch

et al. 2000) reflecting the appearance of phagocytic

cells (neutrophils and macrophages) in the mammary

secretions after weaning. Approximately 40 mL of

milk/ involution secretions at early stages of involution

(1–7 days) were collected from each gland. Each sample

was then mixed with equal volumes of phosphate-

buffered saline (PBS) before centrifugation. For glands

at more advanced stages (15–60 days) of involution,

15 mL of sterile PBS was infused into the glands to

harvest the cells.

Cells from milk and mammary secretions were centri-

fuged (100

 

 g

 

 at 4 

 

°

 

C for 10 min), washed twice in 10 mL

PBS and resuspended in 1–2 mL PBS/2% bovine serum

albumin (BSA). Cells were enumerated using a Coulter

counter® (Coulter Electronics, Luton, UK) and resus-

pended at 4 

 

×

 

 10

 

6

 

 cells mL

 

−

 

1

 

. Some cells were used for

preparing cytospots for immunostaining and some were

fixed for electron microscopy and immunoelectron

microscopy. Cytospots were prepared using a plastic

well mounted to a glass slide, as described previously

(Tatarczuch et al. 2000), and stained with 10% Giemsa

for differential cell counts. A total of 200 cells were

counted for each sample with a 

 

×

 

100 oil-immersion

objective and classified as neutrophils, monocytes/macro-

phages, lymphocytes or other cell types that may be

present (eosinophils, epithelial cells).

 

Immunostaining of cytospots

 

Cytospot preparations were stained by the indirect

immunoperoxidase method, as described previously

(Tatarczuch et al. 2000), using an anti-CD45 (leucocyte

common antigen) monoclonal antibody (mAb) to

determine the total percentage of leucocytes in the cell

preparation. A total of 20 microscopic fields for each

sample were counted with a 

 

×

 

100 oil-immersion

objective. Direct immunofluorescence staining of

cytospots was performed using an anti-MHC Class

II mAb conjugated to FITC. Sections were examined

using a fluorescence microscope (Leica, Heerbrugg,

Switzerland).

 

Electron microscopy and immunoelectron 

microscopy

 

Cells collected from milk and mammary secretions were

cytocentrifuged (8 

 

×

 

 10

 

5

 

 cells; 500

 

 g

 

 for 5 min), and the

cell pellets were fixed in 2.5% glutaraldehyde at RT

then post-fixed in 1% osmium tetroxide in PBS for 1 h.

After washing in dH

 

2

 

O, the cell pellets were dehy-

drated in acetone and embedded in Procure-Araldite

resin (ProSciTech, Thuringowa, Australia). During dehy-

dration, the cells were stained 

 

en bloc

 

 with 2% uranyl

acetate in 70% acetone. Semithin (1 

 

µ

 

m) sections were

cut through the maximum thickness of each pellet and

stained with a solution of 1% methylene blue and 1%

sodium tetraborate. Ultrathin sections were stained

with uranyl acetate and Reynold’s lead citrate, and

examined using a Phillips 300 transmission electron

microscope at 60 kV.

The immunogold–silver staining of cells in mammary

involution secretions was performed as previously

described (Tatarczuch et al. 2000). Briefly, cells were

fixed in 0.05% glutaraldehyde for 20 min at 4 

 

°

 

C then

washed and incubated with anti-CD45 overnight at 4 

 

°

 

C.

Cells were washed and incubated with goat antimouse

IgG conjugated with 5-nm gold particles (Amersham

International, Poole, UK) for 4 h at 4 

 

°

 

C, then fixed

in 2.5% glutaraldehyde and post-fixed in 0.5% osmium

tetroxide, each for 1 h at RT, followed by incubation in

silver enhancement developer (Amersham) for 7 min.

The cell pellets were embedded and ultrathin sections

prepared as described above.

 

Phagocytosis assay

 

For the 

 

in vitro

 

 phagocytosis assay, cells collected from

milk and mammary secretions were resuspended in a

glucose medium (Santos et al. 1995) containing 2%

BSA and adjusted to 2 

 

×

 

 10

 

7

 

 mL

 

−

 

1

 

. The fluorescent latex

Fluorospheres (L-5282 carboxylate-modified, 1.0-

 

µ

 

m

diameter, 2% solids; Molecular Probes, Eugene, USA)

were first precoated with 1% BSA before 1 mL of BSA-

coated beads (10 

 

×

 

 10

 

8

 

) was added to 2 

 

×

 

 10

 

7

 

 cells (final

cell /bead ratio of 1 : 50). The cells were then incubated

with the fluorescent latex beads for 60 min in a water

bath at 37 

 

°

 

C in plastic tubes, with regular agitation.

Control cultures with no addition of latex beads or

incubation at 4 

 

°

 

C were also included. Following incuba-

tion, cells were washed three times with 0.5% Tween

20/PBS to remove uningested latex spheres attached to
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the cell surface, and fixed with 2.5% glutaraldehyde

in PBS at 4 

 

°

 

C overnight. Cell pellets were centrifuged

and resuspended in PBS, then processed for electron

and immunoelectron microscopy as outlined above

or analysed by flow cytometry on a FACSCalibur®

instrument (Becton-Dickinson, CA, USA) using Cellquest®

software (Becton-Dickinson).

 

Evaluation of phagocytic activity of leucocytes in 

mammary involution secretions

 

The phagocytic activity of leucocytes was evaluated

by counting phagocytic cells (neutrophils and macro-

phages) after their identification on semithin sections

(1 

 

µ

 

m) stained with 1% methylene blue and 1% tetra-

borate (Esteban & Meseguer, 1997). For each assay, one

embedded pellet was cut at three different levels. A

minimum of 100 phagocytic cells were counted in each

section, together with the number of ingested beads,

using a 

 

×

 

100 oil-immersion objective. The percentage

of neutrophils and macrophages showing phagocytic

activity and the number of beads contained within cells

was determined.

Phagocytic activity was expressed as phagocytic

index (PI), calculated using the following formula

(Barbuddhe et al. 1998):

PI = (% phagocytic cells containing 

 

≥

 

 1 

bead) 

 

×

 

 (mean number of beads/phagocytic cell 

containing beads).

At 1 day and 2 days after weaning, macrophages were

rarely present and were tabulated with neutrophils,

which constituted the majority of all phagocytic cells

(> 98%). From 7 days, macrophages were the major

phagocytic cell type (> 98%).

 

Statistical analyses

 

Statistical analysis was carried out using the Kruskall–

Wallis non-parametric test to assess if there was any

significant (

 

P

 

 < 0.05) difference between means of the

sample groups.

 

Results

 

Cellular composition of mammary secretions

 

The quantitative study revealed that the mean total

somatic cell count in mammary secretions showed

little variation over the first 4 days after weaning

(5–6 

 

×

 

 10

 

5

 

 cells mL

 

−

 

1

 

); however, the proportion of

leucocytes recovered over this period declined signi-

ficantly (

 

P

 

 < 0.05) from 5.0 

 

×

 

 10

 

5

 

 cells mL

 

−

 

1

 

 at 2 days to

0.4 

 

×

 

 10

 

5

 

 cells mL

 

−

 

1

 

 at 4 days after weaning (Table 1). At

day 7, there was a six-fold increase in the somatic

cell count and 90–95% of these cells were leucocytes

(Table 1).

Somatic differential cell counts showed that neu-

trophils were the predominant leucocytes (> 90% of

cells) in mammary secretions during early involution

(up to 4 days after weaning), as previously noted

(Tatarczuch et al. 2000), but declined dramatically at

day 7, from which point macrophages represented

50–90% of all leucocytes recovered. Lymphocytes were

also present in the involution secretions and were often

seen in close contact with macrophages.

Days after
weaning

Total cells
(×105 mL−1)

Leucocyte subpopulationb

Neutrophils 
(%)

Macrophages
(%)

Lymphocytes
(%)

Eosinophils
(%)

1 5.0 ± 0.1 94.5 ± 2.8 2.9 ± 1.2 0.7 ± 0.5 0
2 3.8 ± 0.5 94.3 ± 2.6 3.5 ± 1.3 0.6 ± 0.4 0
4 0.4 ± 0.0 90.7 ± 7.6 4.1 ± 1.1 1.2 ± 1.2 0.4 ± 0
7 32.0 ± 0.5 4.2 ± 2.8 80.2 ± 8.1 12.7 ± 2.1 0
15 120.0 ± 1.9* 1.1 ± 0.1 86.1 ± 2.2 10.7 ± 1.3 0
30 40.7 ± 0.4* 1.3 ± 0.6 74.3 ± 8.9 20.8 ± 10.8 1.3 ± 0.8
60 19.1 ± 0.5* 1.4 ± 0.5 59.1 ± 21.2 36.1 ± 19.8 0.6 ± 0.4

aCells were collected from mammary involution secretions 1–60 days following weaning 
and cytospots stained for differential cell counts as described in Materials and Methods.
bValues are mean percentages ± SD for separate groups of three sheep.
*At 15, 30 and 60 days post-weaning cells were collected by first infusing 15 mL of PBS into 
the mammary gland.

Table 1 Percentages of different 
leucocyte subpopulations in mammary 
involution secretionsa
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Evaluation of phagocytic capacity

 

 in vitro

 

The leucocytes collected at 1–60 days after weaning

were used in an 

 

in vitro

 

 assay of phagocytosis. As

shown in Fig. 1, immediately following weaning when

neutrophils were predominant, the phagocytic index

(PI) was at its peak at 1 day post-weaning, reflecting

both the highest percentage of active cells and the

largest mean number of ingested beads. The PI of

neutrophils at 2 days after weaning was significantly

(

 

P

 

 < 0.05) lower, resulting from a significant (

 

P

 

 < 0.05)

decrease in the percentage of active cells and a sig-

nificant (

 

P

 

 < 0.05) drop in the mean number of ingested

beads. Analysis by flow cytometry confirmed this,

showing that at 2 days after weaning less than 40% of

neutrophils contained three or more beads (Fig. 2a). At

4 days after weaning, the absolute concentration of

neutrophils was so low that there were insufficient cells

to perform an assay. The PI of macrophages collected at

days 7 and 15 was significantly lower (

 

P

 

 < 0.05) than

neutrophils isolated at day 1 but was comparable to

that seen at day 2 for neutrophils. At 30 days there was

an increase both in the percentage of active cells and

in the mean number beads/cell, but the PI of macro-

phages was still significantly lower (

 

P <

 

 0.05) than

neutrophils isolated at day 1. By 60 days after weaning

the PI of macrophages had increased to a level similar

to that seen in the neutrophil-rich population at 1 day.

Flow cytometry revealed that a major proportion of the

macrophages (75–85%) in involuted gland secretions

were capable 

 

in vitro

 

 of ingesting more than three

beads (per cell) (Fig. 2b).

 

Electron microscopic examination of phagocytic 

leucocytes

 

(a) Neutrophils

Neutrophils collected from mammary secretions 1–

2 days after weaning contained phagocytosed casein

material (membrane-bound), lipid vacuoles, cellular

debris and apoptotic bodies (electron-dense material,

presumably nuclei of apoptotic cells) and some were

seen with pseudopodia extending around cellular

debris (Fig. 3a). In addition, some neutrophils displayed

ultrastructural features of apoptosis (markedly com-

pacted electron-dense nuclei) and necrosis (degenera-

tion of cellular organelles without apoptosis of the

nucleus) (Fig. 3b). In the 

 

in vitro

 

 phagocytosis assay,

electron microscopy confirmed that most neutrophils

isolated 1 day after weaning contained ingested latex

beads. Most of the neutrophils were seen with more

than one bead but some contained up to 10 beads

within the cytoplasm. That these cells were activated

was evidenced by the presence of variable numbers of

primary granules, mitochondria and glycogen particles

in their cytoplasm. Many of these cells also displayed

Fig. 1 Phagocytic activity of leucocytes in mammary secretions 
at different stages of involution. Cells were incubated in vitro 
with fluorescent latex beads, then fixed and processed for 
microscopic analysis. The percentage of phagocytes 
containing beads and the mean number of beads per cell was 
determined, and phagocytic index calculated (see Materials 
and Methods). Values represent mean percentages ± SD (n = 3 
sheep/group); *P < 0.05, significant difference compared to 
value at 1 day post-weaning.
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Fig. 2 Flow cytometric analysis of the 
in vitro phagocytic activity of (a) neutrophils 
collected from mammary involution 
secretions 2 days after weaning, and (b) 
macrophages collected 30 days after 
weaning. Cells were incubated with (closed 
histogram) or without (open histogram) 
fluorescent latex beads and phagocytosis 
measured by flow cytometry (see Materials 
and Methods). Distinct peaks in the 
closed histogram correspond to cells 
containing 1, 2, 3, etc., phagocytosed 
beads; the percentage of phagocytes 
containing three or more ingested 
beads/cell is indicated. Data presented 
are from two representative sheep.

Fig. 3 Neutrophils collected from mammary secretions at 1–2 days after weaning (a,b) for routine electron microscopy and (b,c) 
for the in vitro phagocytosis assay, as described in Materials and Methods. (a) Neutrophil seen engulfing cellular debris (D), 
×10 700. (b) Two apoptotic neutrophils (N) containing numerous intact granules (small arrows) and empty vacuoles (large arrows), 
and a neutrophil undergoing necrosis (Nc) characterized by an electron-lucent nucleus and degenerating organelles, ×6003. 
(c) Neutrophil with numerous granules, ingested beads (B) and pseudopodia surrounding attached beads (arrow), ×10 700. 
(d) A rounded neutrophil containing two beads (B) and lacking pseudopodia, ×13 050.
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Fig. 4 Macrophages isolated from mammary secretions at different stages after weaning (a) for routine electron microscopy 
and (b–d) for the in vitro phagocytosis assay as described in Materials and Methods. (a) Macrophage containing an engulfed 
condensed neutrophil (N), an apoptotic body (Ab) and a nuclear remnant (Nr), 4 days after weaning, ×6003. (b) Macrophage 
with numerous pseudopodia showing intense staining with anti-CD45 antigen, 30 days after weaning, immunogold-silver 
method, ×6394. (c) Macrophage seen heavily laden with lipid (L) and devoid of any beads, 7 days after weaning, ×8874. 
(d) A non-vacuolated macrophage seen with pseudopodia (arrows) and containing numerous ingested beads (B), 
60 days after weaning, ×5089.

Fig. 5 Dendritic cells collected from involuted mammary secretions at 30 days after weaning. (a) Cytospot preparation 
of cells stained with an anti-MHC Class II mAb, showing an intensely stained dendritic cell displaying extensive 
processes and in close contact with a lymphocyte, ×400. (b–e) Electron microscopy of dendritic cells following incubation with 
latex beads in an in vitro phagocytosis assay, as described in Materials and Methods. (b) Dendritic cell with numerous pseudopodia 
and containing ingested beads (arrows) but devoid of lysosomes and fat droplets, ×5070. (c) Higher magnification of 
(b) showing that the cytoplasm of this cell contains numerous Birbeck-like granules (arrows) which assume different shapes, 
×13 000. (d) Birbeck-like granules under higher magnification (×24 000), seen with two limiting parallel membranes (small 
arrows) and a central electron-dense lamina (large arrows), and in some granules a limiting membrane forms 
a vesicular portion (*). (e) Higher magnification of (b) showing Birbeck-like granules (arrows) seen to enclose ingested 
bead (B), ×24 000.
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numerous pseudopodia, which occasionally surrounded

attached beads (Fig. 3c). However, neutrophils isolated

2 days after weaning showed a great variation in

phagocytic activity. In agreement with the analysis by

flow cytometry (Fig. 2a), a smaller proportion of these

cells appeared to contain numerous ingested beads

(35–42%; cells containing three or more beads), while

the majority (

 

∼

 

60%) were seen to contain no beads

or only a few beads (Figs 2a and 3d). In contrast to

neutrophils isolated 1 day after weaning, many of the

neutrophils collected at 2 days appeared rounded and

without pseudopodia, and glycogen particles were

rarely observed in their cytoplasm.

(b) Macrophages

As shown in Table 1, macrophages were the predom-

inant cell type in mammary secretions from 7 days after

weaning, and electron microscopy indicated that these

cells displayed various ultrastructural features depending

upon the stage of involution. In early involution (7 days

after weaning), many macrophages were heavily laden

with ingested lipid, casein and cellular debris including

engulfed apoptotic bodies or neutrophils (Fig. 4a).

These cells typically displayed a highly regular cell

surface with very few pseudopodia. In contrast,

macrophages from glands at more advanced stages

of involution (15–30 days) contained less ingested

material; these cells were mainly filled with lipid

vacuoles and displayed numerous pseudopodia. Staining

for CD45 (leucocyte common antigen) was more

intense on the macrophages that displayed numerous

pseudopodia (Fig. 4b).

Similar to neutrophils, macrophages also showed a

great variation in phagocytic activity 

 

in vitro

 

, depend-

ing both on the stage of involution and on the amount

of ingested material. A large proportion of macro-

phages collected 7–15 days after weaning were devoid

of any beads (Fig. 4c). In contrast, most of the macro-

phages isolated from involuted glands (30–60 days

after weaning) contained ingested beads. Non-vacuolated

macrophages with a well-developed Golgi complex,

containing numerous beads and displaying numerous

pseudopodia (Fig. 4d), were typically observed.

(c) Dendritic cells

As reported previously (Tatarczuch et al. 2000), a small

but distinct subpopulation of leucocytes (< 1%) present

in involuted secretions of the mammary gland (from

15 days after weaning) displayed phenotypic charac-

teristics resembling dendritic cells, including extensive

cytoplasmic processes and high MHC Class II expression

(Fig. 5a). Electron microscopy confirmed the presence

of cells with distinctive ultrastructural features; these

cells had numerous cytoplasmic processes of varying

shape, length and thickness (Fig. 5b), and while they

also contained numerous ingested beads, they lacked

lysosomes, phagosomes or lipid droplets, as is fre-

quently observed in macrophages. Their cytoplasm

contained some rough-endoplasmic reticulum, free

ribosomes, a well-developed Golgi complex and ran-

domly dispersed fine filaments. The most prominent

ultrastructural feature of these cells was the presence

of numerous cytoplasmic granules located mainly in

the perinuclear region (Fig. 5c). The size and shape

of these granules varied but usually comprised two

parallel limiting membranes and a central electron-

dense lamina. Some granules appeared with one of the

limiting membranes forming a vesicular portion at

one edge, whilst others appeared to be oval-shaped

structures containing an electron-dense core (Fig. 5d).

These structures appeared similar to Birbeck granules

as described in human epidermal Langerhans cells

(Birbeck et al. 1961; Wolff, 1967; Sagebiel & Reed, 1968).

Although these granules appeared to assume rod, disc

and cup shapes, the majority appeared to be cup-shaped.

Occasionally, these granules were seen to enclose

ingested beads (Fig. 5e).

 

Discussion

 

The present studies confirm earlier observations (Lee

et al. 1969, 1983; Lee & Outteridge, 1981) that during

involution of the mammary gland numerous leucocytes,

including neutrophils, macrophages and lymphocytes,

infiltrate into the mammary secretions within the

lumina of alveoli and ducts. There are two waves of

migration of phagocytic cells into the mammary gland

during mammary involution, the first involving the

recruitment of neutrophils over the first 2 days after

weaning. Neutrophils have a short half-life (Cotter

et al. 1994) and by 4 days most of these cells were

seen to have degenerated, mainly by apoptosis, as

evidenced by electron microscopy. Similar dynamics

of neutrophil migration followed by apoptosis were

observed during induced influx of neutrophils into the

juvenile bovine mammary gland (Sladek & Rysanek,
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2000). The current studies showed that in early involu-

tion secretions, the presence of macrophages contain-

ing numerous apoptotic bodies at various stages of

degradation, and occasionally an intact neutrophil,

indicated that apoptotic neutrophils were removed by

these cells. Indeed, apoptosis of ageing but otherwise

intact neutrophils and their phagocytosis by macro-

phages represents an important neutrophil disposal

mechanism which limits the potential toxicity of this

leucocyte (Savill, 1992).

At 2 days after weaning, numerous neutrophils had

infiltrated into the mammary secretions and most of

them had taken up casein, lipid and cellular debris.

Therefore, these cells loaded with engulfed material

would be expected to be less phagocytic than those

neutrophils freshly infiltrated into the gland (1 day

after weaning). This was confirmed in the 

 

in vitro

 

studies where the phagocytic index of neutrophils at

2 days after weaning was significantly lower than those

isolated 1 day after weaning. Electron microscopy

indicated that the impairment of neutrophil phagocytic

activity may have been due to the loss of cytoplasmic

granules, or the reduced glycogen reserves resulting

from the ingestion of lipid droplets, casein and cellular

debris. The previous ingestion of large amounts of

material would cause rounding of the cell, as seen

in these studies and previously (Lintner & Eberhart,

1990), thereby eliminating pseudopodia required for

phagocytosis.

After 4 days, the second wave of phagocytic cell

migration was that of macrophages which from this

point were seen as the predominant cell type in the

mammary secretions right through to complete involu-

tion. Similar to that seen for neutrophils, macrophages

collected at early involution (7–15 days) were heavily

laden with ingested casein, lipid and cellular debris

and they lacked pseudopodia. These macrophages

were shown 

 

in vitro

 

 to be less phagocytic than those

obtained from fully involuted glands. Possible reasons

for this reduced phagocytic function of mammary

macrophages could be that they are replete with

engulfed material, the reduction of cell membrane

(Cannon & Swanson, 1992) or the blocking of Fc receptors

by factors such as immune complexes present in invo-

luting mammary secretion (Targowski & Niemialtowski,

1986).

Another likely role for macrophages in the involu-

tion secretions is that of antigen processing and pres-

entation as evidenced by the frequent appearance of

macrophages attached to lymphocytes. The interaction

of macrophages with lymphocytes has previously been

described in human colostrum (Crago et al. 1979) and it

has been shown that bovine mammary macrophages

respond to bacteria as antigen-presenting cells to

induce antigen-specific T-cell proliferation (Politis et al.

1992).

Following weaning, neutrophils and macrophages

traffic into mammary secretions where they participate

in the removal of casein, lipid droplets and cellular

debris, an activity vital to the involution process. As far

as we are aware the present studies are the first to

demonstrate that neutrophils and macrophages heavily

laden with ingested material during early involution

display a diminished capacity for phagocytosis. That

these cells are replete with engulfed material, and are

incapacitated, may partly account for the observation

that the mammary gland is more susceptible to infec-

tion during the early stages of involution (Nickerson,

1989; Oliver & Sordillo, 1989). In addition, it is likely

that the local intramammary environment, including

the presence of milk proteins (Cooray, 1996), humoral

factors such as lactoferrin (Smith & Schanbacher, 1977)

and the cytokine milieu may promote some degree of

protection of the mammary gland against infection.

We recently reported the presence of a small sub-

population of leucocytes in the involution secretions

collected at 15–60 days after weaning that displayed

similar morphological characteristics to dendritic cells,

including extensive cytoplasmic processes and the

expression of MHC class II and CD1 (Tatarczuch et al.

2000). In the present study we have further character-

ized this population of dendritic cells by electron micro-

scopy, revealing the presence of specific granules

resembling the Birbeck granules reported in Langer-

hans cells (Sagebiel & Reed, 1968) and vascular dendritic

cells present in human arterosclerotic aorta (Bobryshev

et al. 1997). The role of Birbeck granules is still to be

defined, but it has been suggested than these granules

are involved in the antigen-presenting function of

Langerhans cells (Hanau et al. 1987). In the present

studies, Birbeck granules were occasionally seen to

contain ingested beads, thus implicating that these cells

are capable of processing phagocytosed particulate

antigen. Dendritic cells in peripheral tissues, particu-

larly at mucosal surfaces, play a central role in sampling

and processing particulate and soluble antigens for

presentation to T cells and induction of an immune

response (Stumbles, 1999). Phagocytosis is one mechanism
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employed in the uptake of exogenous antigen, includ-

ing large particles such as bacteria, and this activity

appears to be closely associated with immature or

freshly isolated tissue dendritic cells (Stumbles, 1999;

Watts & Amigorena, 2001). It is not known whether the

dendritic cells present in the secretion of fully involuted

mammary glands, but absent during early involution,

are derived from mammary monocytes or recruited

directly as dendritic cells from the circulation. Interest-

ingly, transforming growth factor-

 

β

 

 (TGF-

 

β

 

), implicated

in the differentiation of monocytes into dendritic cells

(Geissmann et al. 1998), is present in mammary gland

secretions and its levels increase dramatically with the

progression of mammary gland involution (Ayoub &

Yang, 1997). One may speculate that the TGF-

 

β

 

-rich

microenvironment provided by the involution secre-

tion at this time is sufficient to stimulate cells of

the monocyte/macrophage lineage in the involution

secretion to differentiate into dendritic cells.

In summary, these studies showed that while the

mammary gland is endowed with a broad spectrum of

immune cells, the incapacitation of phagocytic neutro-

phils and macrophages in the mammary secretions,

together with other possible contributing factors,

results in the immune status of the gland being

compromised during early involution. In fully involuted

mammary gland secretions, the presence of dendritic

cells and a prominent macrophage population with a

high capacity for phagocytosis may partly account for

the observation that non-lactating mammary glands

are more resistant to infection than lactating glands or

glands at early stages of involution.
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