
Pediat. Res. 2: 103-109 (1968) Colostrum lymphocytes

immunity macrophages

The Cells of Human Colostrum.

I. In Vitro Studies of Morphology and Functions

C . W . S M I T H ^ and A . S . G O L D M A N [ 3 0 ]

Departments of Pediatrics, Preventive Medicine and Public Health,

University of Texas Medical Branch, Galveston, Texas, USA

Extract

The morphology and certain functions of human colostral cells were studied in vitro. Colostrum from

60 human females contained neutrophils, small lymphocytes, macrophages and occasional epithelial

cells. The median concentration of neutrophils in colostrum from breast-feeding mothers was 150/mm
3

as compared to 7000/mm
3
 in colostrum from those who did not breast feed.

The median concentration of lymphocytes in human colostrum was 205/mm
3
. Eighty to ninety

percent of colostral lymphocytes in culture underwent blastoid transformation after exposure to

phytohemagglutinin. Ten to twenty-five percent of cultured lymphocytes were transformed after

the addition of specific antigens to the cultures. The synthesis of DNA by blast forms was demonstrated

by radioautographic studies with H
3
-thymidine.

The median concentration of macrophages in colostrum was 2100/mm
3
. Colostral corpuscles

(corpuscles of DONNE) were classed with these cells since they displayed identical features. These

included glass-adhesive properties, ameboid activity, phagocytosis and presence of abundant lyso-

somes.

Two types of lymphocyte-macrophage interactions were found in fresh and cultured colostrum.

These findings suggested that the interactions occurred in vivo as well as in vitro.

Speculation

These observations indicate that immunologically active cells are normal constituents of human

colostrum. The possibility is advanced that these cells may influence the host response of the neonatal

recipient.

Introduction corpuscles (corpuscles of DONNE) occur in mammary

gland secretions.

Since BEIGEL'S description in 1868 [15] of the cellular The significance of the cells in colostrum is contro-

nature of the corpuscles of DONNE [1], it has been ac- versial. They have been considered as phagocytes, re-

cepted that cells are normal constituents of colostrum. turning milk substances to the connective tissue of the

It is now agreed, on the basis primarily of studies in mammary gland [4], as degenerating cells sloughed

nonhuman animals [3, 14, 23, 25], that lymphocytes, during the process of milk secretion [16] or as inflam-

monocytes, macrophages, epithelial cells and colostral matory cells appearing in response to infection in the
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mammary gland [5, 20]. A possible effect of these cells

upon the neonatal recipient has not been considered

previously.

During an investigation of the proteins of milk, we

found cells in human colostrum. On the basis of these

observations and because of the relative lack of studies

of human colostral cells, we decided to examine the

morphology of the cells to determine if they were

living and to study their functions.

Methods

Collection procedure. Colostrum was obtained with a

breast pump from 60 women including primigravidas

and multigravidas in the first 48 hours following de-

livery.

Twenty women were nursing their infants and 40

were not. No hormones were given to suppress milk

production during the collection period. Women with

clinical evidence of mastitis were excluded from this

study.

Staining procedures. Dried smears of whole colostrum

were stained with tetrachrome [13], methyl green-

thionine [19] or sudan black B [7].

Direct observation of cells in whole colostrum with

phase contrast microscopy was precluded by the high

fat content of colostrum. In order to observe the motil-

ity and characteristics of living cells in whole colos-

trum, therefore, we resorted to supravital staining with

acridine orange [8]. A drop of fresh whole colostrum

was placed on a coverslip that was inverted onto a

microscope slide precoated with acridine orange. This

preparation was incubated at 37° in a high humidity

atmosphere for periods of 0.5 to 4 hours. Cells were ob-

served with a Zeiss U.V. light system using a BG 12

exciter filter and a yellow blocking filter.

Cells from cultures were stained with tetrachrome,

sudan black B, methyl green-thionine, neutral red-

Janus green [7] or acridine orange. Some cultured

specimens were fixed with 1 % gluteraldehyde in phos-

phate buffer (pH 7.2), dehydrated and mounted for

phase contrast microscopy.

Methods for total cell counts. Because of the high fat con-

tent of colostrum, the usual cell counting procedures

were difficult and inaccurate. Consequently, alternate

methods were devised.

One ml of colostrum was diluted 1:10 with saline

and centrifuged at 400 Xg for 15 minutes. The fat

layer and an additional 3 ml of supernatant fluid were

removed. The cells obtained by sedimentation were

resuspended in the remaining supernatant fluid and

counted in a hemocytometer. Cells of diluted colostrum

were also counted directly in a hemocytometer after

supravital staining with acridine orange [8]. Differen-

tial counts were made on smears stained with tetra-

chrome.

Culture procedures. Colostrum was diluted 1:2 with

Hank's solution and centrifuged at 300 X g for 5 mi-

nutes. The sedimented cells were diluted in culture

medium to a cell concentration of 1 x 106 mono-

nuclear cells/ml and transferred to Leighton tubes con-

taining coverslips. The final culture medium contained

TC 199 and 20% fetal calf serum (Difco Laboratory,

Detroit, Michigan), 300 fig/ml of streptomycin and

300U/mlofpenicillin-G.

The cultures were treated in several different ways.

Phytohemagglutinin (PHA) (Difco Laboratory, De-

troit, Michigan) was added to some cultures (0.005 ml

PHA/culture) at the onset and incubation was con-

tinued for 72 hours. When specific antigens (penicillin-

G, tetanus toxoid, diphtheria toxoid or PPD) were add-

ed, incubation was continued for five days. In other

cultures, no stimulants were added. The cells adhering

to the coverslip were fixed by immersing in 1 % gluter-

aldehyde after 3, 24, 48 or 72 hours of incubation.

Blastoid transformation of the lymphocyte was eval-

uated on the basis of the characteristic morphology of

the blast forms. The relative frequency of transforma-

tion was determined on counts of 1000 lymphocytes/

culture sample.

Radioautography. The synthesis of deoxyribonucleic acid

(DNA) was examined in these various types of cultures

by radioautography. One JA.C of tritiated thymidine

was added to each ml of culture medium one hour be-

fore completing the incubation period. The cells were

collected by centrifugation, smeared on glass slides and

coated with NTB3 liquid emulsion (Eastman Kodak

Company, Rochester, New York). The slides were ex-

posed for a period of four to seven days, then developed

[24] and stained with tetrachrome.

Phagocytosis. In order to determine the phagocytic ac-

tivity of colostral cells, heat-killed staphylococci were

added to the culture to produce a final concentration

of 1 X 10
8
 organisms/ml of culture medium. The culture

tubes were then gently agitated for 15,30 or 60 minutes

at 37° in a water bath. The coverslips were removed,

washed with saline and stained with tetrachrome.

Results

Morphology of colostral cells. Morphologically, the neu-

trophils were typical of those seen in the blood except

that they contained numerous fat globules and fewer

granules (fig. 1A). Small lymphocytes (fig. IB) and

monocytes were similar to those from blood except that

fat vacuoles were occasionally found in their cytoplasm.

Epithelial cells usually contained a single large vacuole

and an eccentric nucleus, somewhat like a signet ring.
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No plasma cells, erythrocytes or other types of cells

were seen.

Macrophages (fig. 1C) were mononuclear cells with

abundant cytoplasm containing many fat globules and

other granular material. The nucleolus was prominent

and the cytoplasm occasionally had areas that stained

metachromatically with thionine. The typical colostral

corpuscle (fig. ID) was a large mononuclear cell, some-

D

Fig. 1. Photomicrograph of cells of fresh human colo-

strum (lOOOx magnification).

A. A neutrophil containing fat vacuoles; B. A small

lymphocyte; C. A macrophage containing fat vacuoles

and granular material in the cytoplasm; D. A typical

colostral corpuscle (corpuscle of DONNE) .

times as large as 30 fi in diameter. The nucleolus was

prominent and the cytoplasm appeared engorged with

fat. No clear distinction could be made between macro-

phages and colostral corpuscles, since all gradations of

intermediate types were present.

Concentration of colostral cells. For the purpose of tabulat-

ing cell frequencies, colostral corpuscles were consider-

ed as macrophages. The median concentration of ma-

crophages was 2100 cells/mm3 (range 500-3000). The

median concentration of lymphocytes was 205 cells/

mm3 (range 80-255).Typicalmonocyteswereveryrare.

The counts from breast-feeding and nonbreast-feeding

women were very similar.

The concentration of neutrophils was quite variable.

In colostrum from 12 nonbreast-feeding women, the

median count was 7000/mm3 (range 800-9000) where-

as from 8 breast-feeding women the median count was

150/mm3 (range 0-300).

Supravital staining with acridine orange. The nuclei and

nucleoli of the cells displayed bright green fluorescence.

The cytoplasm of macrophages and colostral corpuscles

stained both metachromatically (red fluorescence) and

orthochromatically (green fluorescence).

The metachromasia appeared in numerous granules

while the green fluorescence of the cytoplasm tended

to be more homogeneous. Some portions of the cyto-

plasm, such as the cy toplasmic veil, did not stain. After

incubation of from two to four hours, many of the

macrophages and colostral. corpuscles exhibited ame-

boid movement, some extending long pseudopodia.

Most of these cells showed evidence of spreading on the

glass surface.

Lymphocyte stimulation. Eighty to ninety percent of

colostral lymphocytes cultured in suspension with PHA

underwent blastoid transformation, whereas less than

1 % were transformed in control cultures. There was

evidence of DNA synthesis in 12 % of the lymphocytes

from PHA-treated cultures (fig. 2). The relative fre-

quency of blastoid transformation of colostral lympho-

cytes exposed to specific antigens is shown in table I.

Macrophages. Cultures without mitogens or specific

antigens were used to evaluate some of the properties

of the colostral macrophages. Collection of these cells

from cultures was facilitated by their propensity to

adhere to coverglasses. Morphologically, they were

mononuclear with a prominent nucleolus and abun-

dant irregular cytoplasm. Some had markedly vacuo-

lated cytoplasm and appeared to be colostral corpus-

cles (fig. 3). Most were typical macrophages containing

only a few cytoplasmic vacuoles (fig. 4). Other cell

types were monocytes or spindle-shaped cells resem-
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Table I. Response of colostral lymphocytes in culture

to PHA or specific antigens

PHA or

antigen

None

PHA

Tetanus

toxoid

Penicillin

Diphtheria

PPD

Number

of patients

20

30

21

I2

I1

I3

Number

of cultures

20

30

3

3

3

3

Blastoid

transformation

2

80-90
12

25

18

10

1 Individuals immunized 3 weeks prior to delivery.

Control cultures yielded less than 1 % blastoid trans-

formation.
2 Individual with past history to penicillin allergy.

Control cultures yielded less than 2 % blastoid trans-

formation.
3 Individual with positive tuberculin skin test.

bling fibroblasts. These fibroblast-like cells were found

after three to six days of incubation and never totaled

more than 0.1 % of the cells on the coverslip.

Macrophages contained abundant neutral red posi-

tive granules and granules staining metachromati-

cally with acridine orange. Some areas of their cyto-

plasm also stained metachromatically with thionine.

Sudan black B staining demonstrated abundant fat in

the cytoplasm of most of the cells on the coverslip;

colostral corpuscles were most heavily stained. After

three to six days of incubation, a decrease in the fat

staining occurred and the cells appeared more homo-

geneous.

In contrast to the typical macrophages, the fibro-

blast-like cells contained few neutral red or acridine

orange positive granules; their cytoplasm stained meta-

chromatically with thionine and toluidine blue and

showed little evidence of cytoplasmic fat.

Most of the macrophages migrated in an ameboid

manner or spread on the glass surface and extended a

cytoplasmic veil (ectoplasm). Even cells engorged with

fat were ameboid (fig. 5). Phagocytic functions of

colostral macrophages were demonstrated. After ad-

ding staphylococci to the cultures, 10,60 and 75 percent

of the cells on the coverslips contained bacteria at the

respective intervals of 15, 30 and 60 minutes. Many of

the cells containing bacteria were colostral corpuscles.

Also attesting to the phagocytic capability of these cells

was the frequent observance of phagosomes containing

degenerating neutrophils (fig. 4).

XI

Fig. 2. Radioautograph of a lymphoblast from a culture

of colostral lymphocytes stimulated with PHA (1000 X

magnification). Numerous silver grains over the nu-

cleus denote specific nuclear incorporation of H3-thy-

midine and indicates DNA synthesis.

Fig. 3. Photomicrograph of a colostral corpuscle (cor-

puscle of DONNE) in culture (1000 x magnification).

Fig. 4. Photomicrograph of a colostral macrophage in

culture (1000X magnification). A few large vacuoles

and a phagocytized neutrophil are seen.
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Fig. 5. Photomicrograph of a colostral corpuscle (cor-

puscle of DONNE) in culture showing ameboid activity

(1000 X magnification).

Fig. 6. Photomicrograph of lymphocyte-macrophage

interaction in colostral cell culture (1000 x magnifica-

tion) .The lymphocyte is situated away from the migrat-

ing portion of the macrophage.

Fig. 7. Photomicrograph of lymphocyte-macrophage

interaction (1000 X magnification). The lymphocyte

is situated on the ectoplasm of the macrophage (see

arrows) and extends a single cytoplasmic process to the

granular portion of the cytoplasm of the macrophage.

Lymphocyte-macrophage interactions. Lymphocyte-macro-

phage interactions were observed frequently in whole

fresh and cultured preparations of colostrum. In fresh

colostrum stained supravitally with acridine orange,

it was demonstrated that the lymphocytes were in con-

tact with colostral cospuscles as well as other macro-

phages. The cytoplasm of the associated lymphocyte

usually contained one to four metachromatic granules.

Occasionally a single cytoplasmic process of the lym-

phocyte extended to the macrophage.

Lymphocyte-macrophage interactions were found

in all cultures. One to five percent of the macrophages

on the coverslips had an associated lymphocyte. Two

types of interaction were evident. When the lympho-

cyte was in contact with a macrophage that appeared

to be migrating, the lymphocyte was round with no dis-

cernible cytoplasmic processes; when the process was

present, it was generally situated near the tail of the

migrating macrophage (fig. 6). When the lymphocyte

was associated with a macrophage that was spread on

the glass and appeared stationary, the lymphocyte

characteristically had a single cytoplasmic process ex-

tending to the cytoplasm of the macrophage (fig. 7).

The nucleus of the lymphocyte was usually over the

ectoplasm of the macrophage with its pseudopod ex-

tending toward the granular portion of the cytoplasm

of the macrophage. Since cinemicrography was not

performed, it is unknown whether this anatomic rela-

tion was stationary or whether the lymphocyte mi-

grated about the macrophage ('peripolesis').

Discussion

The types of cells in human colostrum are essentially

the same as those found in colostrum of other species

(3, 14, 23, 25]. The regularity of occurrence of these

cells suggests the presence of a highly ordered cytologic

system of functional importance.

Investigations of cells in colostrum have concentrat-

ed largely on the neutrophil, since its presence has been

considered to indicate infection of the mammary gland

[5, 20]. Neutrophils were abundant in colostrum from

nonnursing mothers and rare in colostrum from nursing

mothers, indicating that they probably appear in re-

sponse to engorgement of the breast. The presence of

neutrophils in human colostrum can no longer be ac-

cepted solely as evidence of infection of the mammary

gland.

With the exception of the colostral corpuscles, the

identity of other cells in mammalian colostrums has

been well understood. Our studies indicate that human

colostral corpuscles are macrophages engorged with

fat. In smears of fresh colostrum stained with tetra-

chrome, all gradations of morphologic types between
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typical macrophages and colostral corpuscles were

found. In fresh colostrum, these cells were motile,

phagocytic and contained abundant lysosomes as indi-

cated by numerous neutral red and acridine orange

positive granules [10]. In cultures, these cells again

displayed phagocytosis and glass-adhesive and ameboid

activity typical of macrophages [9].

The response of human colostral lymphocytes to

PHA and specific antigens by blastoid transformation

and DNA synthesis appears qualitatively and quanti-

tatively similar to that of lymphocytes from peripheral

blood [6, 18]. Many studies indicate that this type of

transformation following exposure to antigens indi-

cates specific immunologic reactivity of the cells [2,17,

18]. Our findings strongly suggest that immunologic-

ally active lymphocytes are normal constituents of

human colostrum.

Lymphocyte-macrophage interaction, an event of

presumed immunologic significance [11, 22], was ob-

served in fresh colostrum and in all colostral cell cul-

tures. In cultures of cells from lymph nodes [22], spleen

[22], thymus [21] and blood [12], these cellular inter-

actions have been observed but in these instances, it was

impossible to conclude that this phenomenon occurred

in vivo [11]. The present investigation of cells of fresh

human colostrum provided a unique opportunity to ob-

serve lymphocyte-macrophage interactions in a natural

body fluid with a minimum of manipulation and

in vitro incubation. The observation of lymphocyte-

macrophage interactions under these conditions argues

that this is a phenomenon that occurs naturally in vivo.

The breast-fed newborn infant normally receives

colostral cells. It is possible that these maternal cells

may influence the immunologic status of the recipient

neonate. Further investigations will be necessary to

identify what role these cells play in the human infant;

however, additional in vitro studies of the immunologic

activities of these cells are needed before it will be pos-

sible to undertake experiments designed to demonstrate

an in vivo effect.
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