Journal of Clinical Immunology, Vol. 3, No. 4, 1983

Localization of IgA and IgM in Human Colostral Elements
Using Immunoelectron Microscopy
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In addition to the free form, IgA is associated with
cellular and noncellular elements present in human colos-
trum. To resolve the existing controversy as to the cell
type(s) containing IgA, we used immunoelectron micros-
copy with horseradish peroxidase-labeled F(ab'), or Fab’
fragments of anti-IgA or anti-IgM to determine the distri-
bution of these immunoglobulins in colostral elements.
IgA and IgM were localized in phagocytic vacuoles of
polymorphonuclear leukocytes and macrophages in the
vicinity of the cell membrane. In neutrophilic leukocytes,
both immunoglobulins were occasionally found in phago-
cytic vacuoles distributed throughout the cytoplasm. Al-
though the in vitro phagocytic activity of colostral cells
was low, they retained the ability to ingest colloidal gold
particles which were subsequently localized in phagocyt-
ic vacuoles that also contained IgA or IgM. IgA and IgM
were not detected in lymphocytes, and plasma cells were
not found in human colostrum. Numerous noncellular
colostral globules of various shapes and sizes also con-
tained IgA and IgM. These observations indicate that IgA
and IgM were acquired by phagocytic cells and noncellu-
lar globules and were not actively synthesized by lym-
phoid cells present in human colostrum.
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INTRODUCTION

Various biological functions of colostral cells have
been reported, including phagocytosis and killing of
microorganisms, synthesis, ingestion and release of
immunoglobulins, and production of interferon (for
review, see Refs. 1-4). The cells in human colos-
trum are represented by large numbers of polymor-
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phonuclear cells (PMN) and macrophages and small
numbers of lymphocytes, epithelial cells, and epi-
thelial cell fragments (5-9), In addition to cells,
noncellular globules have been observed (7, 10).

Various combinations of immunoglobulins and
other milk proteins have been detected within hu-
man colostral cells (7) but there is a controversy
concerning the origin of these immunoglobulins.
While active synthesis of IgA (11) and the produc-
tion of IgA specific for enteric bacteria have been
reported (12, 13), other findings suggest that colos-
tral PMN and macrophages acquire colostral pro-
teins, including immunoglobulins, by ingestion (7,
10, 14-16). Properties of colostral cells have been
previously studied by transmission electron micros-
copy (6, 8, 17). In this study we employed immuno-
electron microscopy to investigate the distribution
of IgA and IgM in organelles of human colostral
cells.

MATERIALS AND METHODS

Preparation of Antibodies and Their Conjugation
with Horseradish Peroxidase (HRP). Secretory IgA
(S-IgA) was purified from human colostrum and
IgM was purified from the sera of patients with
Waldenstrom’s macroglobulinemia as previously
described (18, 19). Antisera specific for the heavy
chains of IgA and IgM were obtained by absorption
on immunosorbent columns of cyanogen bromide-
activated Sepharose 4B coupled with relevant pro-
teins. Specificity was evaluated by immunodiffu-
sion and immunoelectrophoresis against normal hu-
man serum, colostrum, and purified IgA, 1gM, and
IgG (20) and by radioimmunoassay (21).

The y-globulin fraction of anti-a chain was digest-
ed with pepsin and the F(ab'), fragments, isolated
by Sephadex G-200 chromatography, were labeled
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with HRP, Type VI (Sigma Chemical Corp., St.
Louis, MO) (22). Fab’' fragments specific for p
chain were prepared by digestion with pepsin, re-
duction with 2-mercaptoethanol, and alkylation
with iodoacetamide. Fab’ fragments, isolated by
Sephadex G-200 chromatography, were then la-
beled with HRP and used for immunocytochemical
staining (22). Fab’' fragments obtained from nonim-
munized rabbit IgG were labeled with HRP and
used as a control, Activated HRP was prepared by
oxidizing HRP in 0.3 M sodium bicarbonate buffer
(pH 8.1) with 0.04 M sodium meta-periodate in
distilled water, according to Nakane et al. (23).
Immunocytochemical Procedures. Human colos-
trum from healthy donors was collected into sterile,
conical tubes within 3 days after delivery. Immedi-
ately after collection, colostral samples were dilut-
ed 1:2 with phosphate-buffered saline (PBS) and
centrifuged at 400g for 10 min. Pellets of colostral
cells were fixed with 1% glutaraldehyde in 0.1 M
phosphate buffer for 15 min at room temperature,
then washed overnight at 4°C with several changes
of PBS. To inhibit endogenous peroxidase activity
in colostral cells, suspensions were incubated with
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a 0.1% phenylhydrazine - HCI solution in 0.06 M
phosphate buffer and 0.36% NaCl for 2 hr at 37°C
(24). After seven washings, colostral cells were
incabated with 0.1 M lysine buffer to block free
aldehyde groups, then washed three times with
PBS. The colostral cells and globules were incubat-
ed overnight (15-24 hr) at 4°C with HRP-labeled
F(ab’), fragments of anti-a chain or Fab' fragments
of anti-p chain in the presence of 0.025% Triton X-
100 (Eastman Kodak Co., Rochester, NY) as de-
scribed (25, 26). After brief washing, these cells
were immersed for 20 min at room temperature in
3,3'-diaminobenzidine tetra - HCl (DAB) (Sigma)
(0.3 mg/ml) in 0.05 M Tris~HCl buffer (pH 7.6)
containing 0.01 M sodium azide free of H,0, and
then in 0.005% H,0O, for 5-10 min (27). After
washing, the cells were fixed with 2% osmium
tetroxide in distilled water for 60 min at room
temperature, rinsed, dehydrated in ethanol, and
embedded in Spurr mediuim (Ladd Research Indus-
tries, Burlington, VT). Thin sections, either un-
stained or stained with uranyl acetate and lead
citrate, were examined with an electron microscope
(TEM 300, Philips North America, Atlanta, GA).

Fig. 1. Colostral macrophage incubated with HRP-labeled F(ab'), fragments of anti-IgA. IgA is
located in a large phagocytic vacuole near the cell membrane. X 15,000, without counterstaining.
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Fig. 2. Colostral macrophage incubated with HRP-labeled Fab’ fragments of anti-IgM. IgM is
located within phagocytic vacuoles that do not fuse with dense bodies and also extracellularly. X

15,000, without counterstaining.

Blood from healthy donors was collected into
sterile, heparinized syringes and mononuclear cells
were isolated as previously described (20). Lym-
phocytes were cultured at 37°C in humidified air
with 5% CO, at a concentration of 1 X 10° cells/ml
in RPMI 1640 medium (GIBCO, Grand Island, NY)
supplemented with 10% fetal bovine serum (Reheis
Corp., Kankakee, IL), 2 mM L-glutamine, 100
pg/ml penicillin, and 100 units/ml streptomycin
(GIBCO) in the presence of 10 pl/ml pokeweed
mitogen (PWM) (GIBCO). Unstimulated or PWM-
transformed lymphocytes (harvested after 7 days in
culture) were processed as described for colostral
cells,

Each experimerit included the following controls:
(a) determination of endogenous peroxidase activity
in colostral cells and globules by the DAB reaction;
(b) inhibition of endogenous peroxidase activity
followed by the DAB reaction; (c) inhibition of
peroxidase activity followed by incubation with
HRP-labeled Fab’ fragments of normal rabbit IgG;
and (d) inhibition of peroxidase activity followed by
incubation with activated HRP. Transformed or

unstimulated human peripheral blood lymphocytes
were used as positive or negative controls, respec-
tively.

Examination of Phagocytic Activity. Washed co-
jostral cells were suspended in RPMI-1640 with
10% FBS. Colloidal gold solution (Range, Anderson
Laboratory, Inc., Fort Worth, TX) was concentrat-
ed by boiling to one-ninth its volume. Two parts of
RPMI 1640 with 109% FBS and one part of colloidal
gold solution were added to pelleted cells as de-
scribed (28) and incubated overnight at 37°C in 5%
CO, in humidified air. To remove partially adherent
cells, the mixture was vigorously pipetted, then
washed, and the cells were pelleted and fixed as
described above. Cells were subsequently incubat-
ed with HRP-labeled F{ab’), or Fab’ fragments of
anti-a- or anti-p-chain antibodies and processed in
the same manner as described above.

RESULTS

Ultrastructural Characteristics of Colostral
Cells. PMN in colostrum were round cells with
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Fig. 3. Colostral PMN incubated with HRP-labeled F(ab'), fragments of anti-IgA. IgA is found in
large numbers of phagocytic vacuoles. x 12,300, without counterstaining.

multilobulated nuclei and peripherally condensed
chromatin. Previous studies in this laboratory have
shown these cells to be neutrophilic; no eosinophil-
ic cells were detected (7). The cytoplasm, with a
few cytoplasmic processes, contained two or three
large, homogeneous lipid droplets, small numbers
of spherical or rod-shaped dense bodies, and large
numbers of phagocytic vacuoles of various sizes,
shapes, and densities. The number of dense bodies
varied in each cell and tended to decrease as the
number of phagocytic vacuoles increased.

The colostral macrophages had indented or irreg-
ularly shaped nuclei and many cytoplasmic process-
es. The cytoplasms contained relatively well-devel-
oped Golgi apparatuses, strands of endoplasmic
reticulum, small scattered mitochondria, homoge-
neous lipid droplets, spherical dense bodies, and
phagocytic vacuoles of various sizes. Some phago-
cytic vacuoles appeared lucent and others con-
tained granular or amorphous substances with vari-
ous densities. Vacuoles were often present near
complicated cytoplasmic processes at the outer
border of these cells.

Journal of Clinical Immunology, Vol. 3, No. 4, 1983

Donne’s corpuscles (foamy macrophages) had a
characteristically large size and contained numer-
ous lipid droplets and phagocytic vacuoles with
amorphous substances giving the cytoplasm its
foamy appearance.

The small numbers of lymphocytes observed in
colostrum displayed structural properties similar to
those in peripheral blood. No plasma cells were
found in colostrum.

Round, ring-like, or peculiarly shaped noncellular
globules were also present in colostrum. These
elements were found to have medium densities and
were composed of finely granular or homogeneous
substances. The sizes of the globules ranged from
less than 10 to larger than 80 wm in diameter,
Spherical dense bodies and vacuoles of various
sizes and contents were also present in some glob-
ules. Endogenous peroxidase activity was present
in spherical or rod-shaped dense bodies and in
phagocytic vacuoles of colostral PMN but not in
lymphocytes, macrophages, or noncellular glob-
ules.

The inhibition of endogenous peroxidase fol-
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Fig. 4. Ingestion of IgA or IgM by colostral macrophage and PMN. (a) Macrophages incubated
with HRP-labeled Fab’ fragments of anti-IgM. IgM is found in the vicinity of, and attached to, the
cell membrane. X 11,200, without counterstaining; (b) Macrophages incubated with HRP-labeled
Fab’ fragments of anti-IgM. IgM is detected in the extracellular space surrounded by cytoplasmic
processes. X 12,300, without counterstaining; (¢) Macrophages incubated with HRP-labeled
F(ab’), fragments of anti-IgA. IgA is surrounded by two cytoplasmic processes. X 15,000,
without counterstaining; (d) PMN incubated with HRP-labeled F(ab'), fragments of anti-IgA. IgA
is located in a phagocytic vacuole in the cytoplasm. X 12,300, without counterstaining.

lowed by the DAB reaction showed that this activi-
ty was no longer present in PMN. Incubation with
HRP-labeled Fab’ fragments prepared from normal
rabbit IgG, or with activated HRP after inhibition of
endogenous peroxidase activity, did not result in
positive reaction products in colostral cells or in
noncellular globules.

Distribution of IgA and IgM in Colostral Ele-
ments. After incubation with HRP-labeled anti-a-
or anti-p-chain reagents, IgA and IgM were local-
ized in phagocytic vacuoles near the cell membrane
of macrophages (Figs. 1 and 2). No staining was
observed in the nuclear envelope, Golgi apparatus,
or endoplasmic reticulum.

A small number of neutrophils contained numer-
ous phagocytic vacuoles which stained for IgA (Fig.
3) and a few which stained for IgM. There was no
difference in the localization patterns of IgA and

IgM, but these immunoglobulins were found more
frequently in macrophages than in neutrophils. In
certain areas representing sections through compli-
cated invaginations of the macrophage or PMN cell
surface, IgA and IgM were present in extracellular
spaces near the cell membranes, in concavities
incompletely surrounded by cytoplasmic processes,
and inside the cytoplasm (Figs. 4 a—d).

Both IgA and IgM were localized throughout
noncellular globules, but in some cases, they were
observed only in the periphery (Fig. 5).

To determine the ability of colostral cells to
phagocytize, they were incubated with a solution of
colloidal gold. Electron-dense particles were pres-
ent within phagocytic vacuoles and between ex-
tended cytoplasmic processes of both PMN and
macrophages (Figs. 6 and 7). The coincidental ap-
pearance within phagocytic vacuoles of colloidal
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Fig. 5. Noncellular globule incubated with HRP-labeled F(ab’), fragments of anti-IgA. IgA is
found within the globule. X 15,000, without counterstaining.

Fig. 6. Colostral PMN incubated with colloidal gold. Electron-dense colloidal gold particles are
seen in several phagocytic vacuoles and between two cytoplasmic processes. x 10,200, without
counterstaining,

Journal of Clinical Immunology, Vol. 3, No. 4, 1983
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Fig. 7. Colostral macrophage incubated with colloidal gold and then reacted with HRP-labeled
anti-p-chain reagent. Coincidental localization of IgM and colloidal gold particles (arrow) are
seen in a phagocytic vacuole. X 10,200, without counterstaining.

gold and IgM or IgA was disclosed by subsequent
incubation of such cells with HRP-labeled anti-p- or
anti-a-chain reagents.

No IgA or IgM was detected in colostral lympho-
cytes. However, incubation with HRP-labeled anti-
a-chain or anti-p-chain reagents revealed the pres-
ence of IgA and IgM in the endoplasmic reticulum
of PWM-transformed peripheral blood lymphocytes
(Fig. 8) used as positive controls.

DISCUSSION

The results presented here indicate that IgA and
IgM are found in colostral PMN, macrophages, and
noncellular globules but not in lymphoid cells.
Furthermore, they provide ultrastructural evidence
for the distribution of these immunoglobulins within
phagocytic vacuoles. Immunoglobulins and other
milk proteins were previously detected in colostral
phagocytes by immunofluorescence (7) plaque as-
say (10, 16) and by measurement of IgA released
from cultured cells (14, 15). The mode of acquisition
of intracellular IgA and IgM by phagocytic cells

remains speculative. It has been demonstrated that
a subpopulation of human PMN and macrophages
displays surface receptors for polymeric IgA (29,
30) and intracytoplasmic IgA has been detectedin a
small number of PMN from healthy individuals and
in a higher percentage of PMN from peripheral
blood of patients with IgA nephropathy (Berger’s
disease) (31). In such cells, IgA apparently occurred
in the form of immune complexes because of the
coincidental presence of C3 (31). It is possible that
colostrum contains increased numbers of cells with
receptors for IgA, which is subsequently internal-
ized and results in an intense intracellular staining
patterns in some samples. Qur previous analyses of
the molecular form of IgA released from lysed
colostral elements indicate that 93% of IgA is
associated with secretory component (SC) and oc-
curs almost exclusively in a polymeric form (10).
Furthermore, the coincidental presence of IgM,
IgA, SC, lactoferrin, a-lactalbumin, and both k and
X chains within single colostral elements, as demon-
strated by paired immunofluorescence (7), indicates
that these proteins were acquired from colostrum

Journal of Clinical Immunology, Vol. 3, No. 4, 1983
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Fig. 8. Transformed lymphocytes incubated with HRP-labeled Fab' fragments of anti-IgM. IgM is
detectable in the endoplasmic reticulum. x 18,750, without counterstaining.

rather than plasma. The endocytosis of colloidal
gold demonstrates that colostral PMN and macro-
phages retain their phagocytic activity.

During pregnancy, large numbers of macro-
phages, neutrophils, lymphocytes, and plasma cells
are observed in the mammary gland interstitium.
After delivery, these cells, except for plasma cells,
pass through spaces between myoepithelial and
epithelial cells and appear in the lumen of acini and
ducts of the mammary gland and free in colostritm
(32-34). Plasma cells in the mammary gland intersti-
tium are rich in immunoglobulins, particularly IgA
(35), but other cell types seem to be devoid of it (36,
3.

The fate of IgA and IgM ingested by colostral
macrophages and PMN is unknown. It is well
documented that peripheral blood PMN contain
lysosomal proteases that are capable of cleaving
IgM, IgA, and IgG (38-40). However, our previous
studies of the properties of IgA released from
colostral cells by lysis indicate that this immuno-
globulin occurs primarily in a polymeric, SC-associ-
ated form with only a small proportion of mono-
mers; low molecular weight fragments were not

Journal of Clinical Immunology, Vol. 3, No. 4, 1983

detected (10). It is unclear whether the failure to
detect IgA cleavage products is due to the intrinsic
resistance of IgA, further increased by its associa-
tion with SC (41, 42), to the lysosomal proteolytic
enzymes present in colostral phagocytic cells, or
due to the failure of vacuoles containing ingested
IgA to fuse with lysosomes. The appearance of
undigested IgA but not IgG in bile may also be
explained by different intracellular processing by
hepatocytes of vesicles that contain IgA as com-
pared to vesicles which contain other glycoproteins
and fuse with lysosomes (43). Apparently the differ-
ent membrane receptors for IgA and other glyco-
proteins play decisive roles in the intracellular
processing of the ingested material. Depletion of
lysosomes, which are not regenerated in PMN, may
also result in their inability to digest ingested IgA.

IgA-containing noncellular globules, which are
numerous in colostrum, have not been extensively
examined in other studies. Globules contaminate all
cell populations and have been observed to form
direct (IgM) and indirect (IgA) hemolytic plaques
against erythrocytes coated with antigens of com-
mon enteric bacteria (10, 16). Although giobules
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have been considered to be aggregates of secreted
protein (44), their origin still remains obscure. Be-
cause of the presence of IgA and SC, a glycoprotein
synthesized by epithelial cells, it seems likely that
they are of epithelial origin. Furthermore, DR anti-
gens have been detected in association with milk
globules, indicating that they may be derived from
epithelial cells (45).

Although the protective role of free colostral IgA
has been documented (for review see Ref. 46, 47),
the function of IgA found within phagocytic cells
remains speculative. It has been suggested that
colostral macrophages serve as vehicles for trans-
port of ingested IgA which is released later in the
digestive tract of the neonate (14, 46). During the
first 2 days of lactation, colostrum contains approx-
imately 10° cells/ml (4, 5, 9); 500 ng of IgA have
been measured per 10° colostral elements (10).
Colostrum collected 1-2 days postpartum contains
on the average 12 mg of IgA/ml (46). Therefore,
when the levels of free as opposed to cell-associated
IgA are compared, it is clear that the amount of IgA
released from colostral elements constitutes only a
trivial amount (approximately 0.004%) of the total
IgA in colostrum. However, it is possible that the
cell-associated IgA may have certain functional
advantages (48).
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