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Characterization of Imnmunocompetent

Cells in Human Milk of Han Chinese

Ying-Ying Jin, MD, Wei Zhao, MD, PhD, Rui-Ming Cao,
MD, Xi Wang, MD, Sheng-Mei Wu, MD, and Tong-Xin Chen, MD, PhD

Abstract

Immunocompetent cells in colostrum and mature breast milk (42 days after delivery) of 64
Chinese females of Han ethnic background were characterized. The total cell numbers in
colostrum and mature breast milk were 593 + 205 x 10%L and 1.74 £+ 0.97 x 10%/L, respec-
tively. NK cell is the predominant lymphocyte subtype (12.69%). T cells in colostrum
express CD40L and CD25 without stimulation, indicating memory T cells in nature. The
CD45RA'CD45RO" subsets of CD4" T cells are present in both colostrum and mature
human milk. The percentage of NK cells and the absolute number of CD4"CD45RO" T cells
in colostrum of atopic mothers were significantly lower than those of mothers without atopy
(P = .006 and .026, respectively). The absolute numbers of CD4* T lymphocytes and their
expression of CD40L were significantly reduced in breast milk of mothers who had under-
gone cesarean section versus vaginal delivery (P < .05), indicating that atopy and cesarean

delivery are associated with the phenotypes of lymphocytes in colostrum.

Keywords:

Human breast milk provides a communication mecha-
nism between the maternal and infant immune system by
delivering immunocompetent factors. It is well accepted
that exclusive breastfeeding is the optimal feeding choice
for the first 6 months of life. Upon birth, neonates are
directly exposed to microorganisms, foreign proteins,
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and chemicals in their environment. The immune system of
newborn infants is undergoing rapid maturation. Human
breast milk, particularly colostrum, can provide not
only nutritional needs for growing but also immuno-
logic components such as polyunsaturated fatty acids,
IgG, IgM, secretory IgA, soluble CD14, lactoferrin, and
cytokines, which can facilitate the development of infant
immune system, immunotolerance, and appropriate
inflammatory response. Of note is that the protective
effects seem sustained beyond the time of lactation
and may even last through adulthood.' It remains to be
determined how these immunologic components in breast
milk with half-lives of hours to a few days can perpetuate
their long-lasting protective effects. Understanding such
mechanisms may shed light on the development of
neonatal immune system.

Numerous factors have been discovered in human
milk, with some variation in their quantity among dif-
ferent ethnic backgrounds. Kneebone et al*> showed
that fatty acid composition of breast milk from 3 racial
groups (Malay, Chinese, Indian) from Penang, Malaysia,
was different, with less saturated fatty acid and higher
linoleic acid in Chinese than in Malay and Indian moth-
ers because of the distinct cultural differences in dietary
intake.? De Amici et al® reported that racial/ethnic factors
are predictive of the onset of lactation and the volume
of breast milk. However, it is undetermined whether
such a difference is present in immunocompetent cells
in human milk.
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The distribution of immunocompetent cells in human
milk has been reported in Caucasian mothers. Total leuko-
cyte numbers are 4 x 10°/L and 10® to 10” in colostrum
and mature breast milk, with macrophages (55%-60%)
and neutrophils (30%-40%) but not lymphocytes (5%-
10%) being the dominating cell types.* T cells account
for more than 80% of the lymphocytes in human milk;
most of them are CDS positive.’ They may be derived
from the maternal mucosal immune system. In the pres-
ent study, the immunocompetent cells in human milk
of Han Chinese in Shanghai are characterized and the
associations of delivery mode and atopy with pheno-
types of lymphocytes in colostrum are explored.

Methods

Milk Collection

Colostrum samples were obtained within 3 days of
parturition from 64 healthy mothers and mature breast
milk was obtained on day 42 from the same mothers
of term infants between March 2008 and May 2008 in
the Department of Gynecology and Obstetrics of Xinhua
Hospital, Shanghai Jiao Tong University School of
Medicine. All the mothers recruited belonged to middle/
higher social classes from an urban environment, practiced
exclusive breastfeeding, and had no history of infection
since 4 weeks before parturition. Written informed consent
was obtained from these mothers. The study was approved
by the Human Ethics Committee of Xinhua Hospital.

Medical records were reviewed; delivery mode, atopy
status, and all variables of the mothers are described in
Table 1. Mothers with history of atopic dermatitis, aller-
gic rhinitis, drug allergy, or asthma were considered to
have allery. Breast milk was collected using a manual
breast pump after local areas were washed. The collec-
tion took place in the morning before the second feeding
of the day. Two milliliters of breast milk was collected
and stored in sterile 10-mL tubes.

Separation and Purification of Milk Leukocytes

The cellular components of breast milk were iso-
lated as described by Jirvinen and Suomalainen.®
Briefly, the breast milk was centrifuged at 400g at
room temperature for 15 minutes. Fat containing super-
natant was removed. Leukocytes were collected and
washed 3 times for 15 minutes each in complete RPMI-
1640 medium containing 5% fetal bovine serum and
antibiotics (penicillin and streptomycin). After wash-
ing, the cells were resuspended in the same medium and
were counted in a hemocytometer. Cell viability was
determined by trypan blue exclusion and was greater
than 98%.

J Hum Lact XX(X), XXXX

Table 1. General Clinical Characteristics of Parents and
Neonates
Object Features
Mothers (n = 64)
Birthplace Shanghai
Nationality Han Chinese
Age,y 2891 £3.01
Parity
Primipara 60
Pluripara 4
Delivery
Vaginal 22
Cesarean 42
Smoking history
(+) passive 26
(-) passive 38
Allergy history
Positive 22°
Negative 42
Fathers(n = 64)
Allergy history
Positive 12°
Negative 52

Occupations 42 clerks, 4 nurses, 4 salespersons, 2 attendants,
12 unemployed

Neonate (n = 64)

Gestation age, wk 39.09 £ 0.91

Birth weight, g 3522.26 +£457.56

Apgar score 10

Sex 34 females, 30 males

*4 atopic dermatitis, 6 allergic rhinitis, 9 drug allergy, 2 food allergy,
1 asthma; 10 with vaginal delivery and 12 with cesarean delivery.
"2 atopic dermatitis, 2 allergic rhinitis, 6 drug allergy, 2 food allergy.

Microscopic Examination
of Human Milk Leukocytes

The human milk leukocytes were cytospun and
stained with May-Grunwald-Giemsa solution. Cell types
such as macrophages, monocytes, lymphocytes, and
neutrophils were determined by examination under light
microscope.

Flow Cytometry Study of Human Milk Leukocytes

Flow cytometry was used to determine the expression
of different surface markers of human milk leukocytes.
Cells were suspended in complete RPMI-1640 and
incubated with different monoclonal antibodies (Becton-
Dickinson Immunocytometry Systems, Mountain View,
California) at room temperature for 15 minutes. Cell
subtypes were classified based on the pattern of
their surface marker expression. CD3-PerCP'CD4-
FITC" represents helper T cells; CD3-PerCP"CDS-PE",
cytotoxic T cells; CD3-FITCCD19-PerCP*, B cells;
CD3-FITCCD16+56-PE’, NK cells; CDI14-FITC",
monocytes; CD4-PerCP*CD45RA-FITC", naive T cells;
CD4-PerCP"CD45RO-PE’, memory T cells; CD4-
PerCP'CD25-PE" or CD4-PerCP"CD40L-PE", activated
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Figure 1. Flow cytometry study of human milk leukocytes. (A) Forward- and side-scatter of human milk leukocytes. (B) CD3, CD4

staining. (C) CDS staining. (D) CD19 staining. (E) CD16/56 staining. (F) CD14 staining. (G) Gating for CD4 positive T leu-

kocytes in human milk. (H, I, J) Expression of CD45RO/RA, CD25 and CD40L of CD4" T leukocytes.
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Table 2. Distribution of T Lymphocytes in Colostrum and Mature Milk (n = 64)

T lymphocytes (%)

CD3* CD3'CD4*  CD3'CDS8* CD4'CD45RA° CD4+CD45RO+ CD4+CD40L+ CDA4+CD25+
Colostrum, x 10%L  Median 18.51 3.91 5.96 0.00 3.44 1.09 1.68
(3.63) (0.65) (1.07) (0.00) (85.07) (27.86) (56.83)
95%CI  16.80-28.16  3.54-7.23  6.39-10.96 0.00-0.10 3.03-6.61 1.24-3.30 1.95-4.50
(3.02-4.50)  (0.63-1.20)  (1.13-1.79) (0.13-1.45) (81.11-87.86)  (24.84-40.11)  (49.02-59.34)
Mature milk, x 10YL  Median 5.77 1.76 1.50 0.00 1.26 0.61 0.54
(4.06) (0.96) (0.77) (0.00) (73.33) (36.96) (34.85)
95%CI  5.689.12 182331 133277 0.01-0.02 1.28-2.60 0.62-1.22 0.59-1.32
(3.66-6.22)  (1.15-2.20)  (0.81-2.05) (0.22-0.94) (64.86-77.29)  (31.62-42.10)  (31.78-40.05)

Abbreviations: CI, confidence interval.

T cells. Data from 100 000 events were acquired by
FACS Calibur (Becton-Dickinson, Franklin Lake, New
Jersey). Appropriate threshold was set to exclude cell
debris and gate was set to include all leukocytes. Data
were analyzed by CELL-QUEST software. Figure 1
shows the gate strategy, which was representative of
flow cytometry data of human milk leukocytes. The
same instrument setting was used for analyzing
colostrum and mature milk samples.

Statistical Analysis

Statistical analysis was performed with SPSS 14.0.
Descriptive data were expressed as median and 95%
confidence interval (CI). The medians were used for
data that were not normally distributed. The differences
between 2 groups (vaginal vs cesarean delivery and
atopy vs nonatopy) were evaluated by Mann-Whitney
U test. P < .05 was considered significant.

Results

General Clinical Features
of Mothers and Neonates

All 64 mothers in this study are Shanghai natives
with Han nationality. Their ages were between 25 and
35 years (mean age, 28.91 £ 3.01 years). All but 4 were
primiparas. Twenty-two had spontaneous vaginal
delivery and 42 underwent elective cesarean delivery.
Other demographic parameters such as parental smok-
ing history, allergy history, occupations, and the
detailed history of neonates were collected and are
shown in Table 1.

General Features of Colostrum and Mature Milk

The total cell counts of colostrum and mature milk
were (593 +205) x 10%L and (1.74 + 0.97) x 10°L,
respectively. After May-Grunwald-Giemsa stain, cells
were readily distinguished among lymphocytes,
monocytes, and neutrophilic granulocytes.

Distribution of Leukocytes in Human Milk

For colostrum, the total cell number was (593 £205)
x 10%L. The percentages of CD3", CD19*, CDI16"/
CD56", and CD14" monocytes (95% CI) in colostrum
were 3.63% (3.02%-4.50%), 0.58% (0.45%-0.99%),
12.69% (10.69%-18.08%), and 25.02% (25.88%-
37.92%), respectively. The absolute numbers of the
above cell types (95% CI) were 18.51 x 10°L (16.80-
28.16 x 10°L), 2.31 x 10%L (2.31-6.09 x 10%L), 66.69
x 10%L (58.37-107.39 x 10%L), and 157.96 x 10%/L
(144.35-216.35 x 10%L), respectively (Figure 1).
CD8" cells were slightly higher than CD4" cells in
CD3" lymphocyte; the mean ratio of CD4/CD8 was
0.59 (0.32-1.09). Subsets of such CD4" cells in human
colostrum were further characterized by examining their
surface marker expression. The results, as shown in
Table 2, revealed that CD45RO" T cells (memory T
cell) are the major subset (85.07%) of CD3"'CD4" T lym-
phocytes. In contrast, CD45RA™ T cells (naive T cell)
were hardly detectable. The CD4" T lymphocytes in colos-
trum express CD40L and CD25 (IL-2Ra) without any
stimulation (Table 2).

For mature milk, the total cell number (1.74 + 0.97 x
10%/L) was significantly lower than colostrum (593 +
205 x 10°L). All subsets of cells in mature milk were
significantly lower than colostrum. CD3" T lymphocytes
were 309-fold lower in mature milk, whereas CD16"/
CD56" T lymphocytes were 953-fold lower. CD14"
monocytes were the main cell subtype in colostrum as
well as mature breast milk.

Existence of CD45RA*CD45R0O" Cells
in Both Colostrum and Mature Human Milk

The numbers (95% CI) of CD45RA'CD45RO" in
colostrum and mature human milk were 35.50 (37.03-
84.11) x 10*/Land 0.18 (0.14-0.33) x 10%/L, respectively.
Those cells account for 12.24% + 7.99% (colostrum)
and 9.52% * 7.26% (mature milk) of CD4" T cells.
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Figure 2. The association of atopy on phenotypes with lymphocytes in colostrum. (A) Data expressed as mean + SD of mothers with
atopy (n = 22) and without atopy (n = 42), P = .026. (B) Comparison of CD167/CD56" T cells (percentage) between the
2 groups, P =.006. Mothers with history of atopic dermatitis, allergic rhinitis, drug allergy, or asthma were considered to have
allergy.
A ) . B et .
12 0 C-section de“"e'}’ - ':: Seft'on dell;e;y 0. ° C-section delivery
W spontaneous delivery pontaneous defivery m spontaneous delivery
3 10 16 F 50
2 ~
x 8 & S a0}
1 T2t & 40
= (=2 Q
3 g 2
g ° : £ o0l
® Sosf g
% 4 o & 20 +
8 04+
< 2 10 +
0 ) 0 ! 0 )
CD4+T CD4+ T CD4+CD40L+
Figure 3. The association of labor presentation with phenotypes of lymphocytes in colostrum. Percentages of cell subtypes were deter-

mined by flow cytometry. (A) Comparison of CD4" T cells (absolute count) between mothers with cesarean delivery (n = 22)
and spontaneous delivery (n = 42), P = .012. (B) Comparison of CD4" T cells (percentage) between groups, P = .006.

(C) Comparison of activated T cells (percentage) between groups, P = .021.

Association of Atopy and Cesarean Delivery
With Phenotypes of Lymphocytes in Human Milk

To examine whether atopy and cesarean delivery were
associated with lymphocyte populations in human milk,
we analyzed the number of T-cell subsets in mothers
with history of atopy and mothers with cesarean deliv-
ery. For colostrum, as demonstrated in Figure 2, both the
percentage of NK cells and the CD4"CD45RO" T cells
in colostrum of atopic mothers were significantly lower
than those of nonatopic mothers (P = .006, P = .026,
respectively). The absolute number and the percentage
of CD4°CD25" T cells did not differ between the atopic

group and the nonatopic group (P = .420, P = 333,
respectively). The number of CD4" cells and their expres-
sion of CD40L were significantly reduced in colostrum
of mothers who had undergone cesarean delivery (Figure
3, P <.05). However, the cellular composition of human
colostrum was comparable between mothers with or
without a history of passive smoking (data not shown).
For mature human milk, the expression of CD40L on
CD4" T cells was significantly reduced in atopic moth-
ers, and the difference between atopic mothers and non-
atopic mothers was significant (0.41 + 0.12 x 10%L vs
1.10 £ 0.68 x 10%/L, respectively, P = .002).
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Discussion

The current study explored the phenotype and sub-
sets of immunocompetent cells in human milk of
Han Chinese in Shanghai and further analyzed the
association of atopy and cesarean delivery with pheno-
types of lymphocytes in breast milk. For colostrum,
breast milk—derived macrophages are the most popu-
lated cell type (25.88%-37.92%). Lymphocytes
accounted for 14.16% to 23.57%, which is slightly
higher than what was reported.* We noticed that NK
cells have the highest percentage among lymphocytes
in our study population, whereas T cells are the major
players reported in human milk (>80%).*

Neonates are prone to infectious and allergic diseases
because of their immature immune system. Accumulating
evidence has suggested that exclusive breastfeeding until
6 months of age may reduce the incidence of infectious
diseases and allergy in early childhood.” Characterizing
the cellular components of breast milk will facilitate the
understanding of such immunological role of this bio-
logical body fluid, which is involved in both mucosal
defense of breastfed infant and viral transmission.'’

Our data show that the total cell counts in human
colostrum (519-667 x 10%L) are less than those
reported in the literature (4 x 10°/L).* Literature con-
cerning the immunocompetent cells in human milk has
reported variable results based on country of origin.
Eglinton et al'' reported that the total cell count of
20 samples of colostrum (4.6 £ 1.4 days after delivery)
was 0.67 + 0.52 x 10%mL, which yielded 7.5% + 6.5%
lymphocytes (0.05 x 10%/mL), 61.5% + 12.6% macro-
phages, and 28.5% =+ 15.1% neutrophils. Jarvinen and
Suomalainen® found that the cellular composition of
human milk correlated with cow’s milk allergy in breast-
fed infants. The phenotype and features of immuno-
competent cells in human milk in Chinese population
have not been reported.

The significance of a high percentage of breast milk—
derived macrophages is still controversial. Breast milk—
derived macrophages (CD14") are considered the storage
mechanism for human IgA. They can regulate infant
immune system through the expression of activation
markers (eg, CD11c) that interact with infant T and B
cells. These cells also secrete immunoregulatory factors
such as lysozyme, lactoferrin, peroxidase, complex oli-
gosaccharides, fatty acids, and mucins when they are
in contact with bacteria in the gut.'*'* Jarvinen and
Suomalainen® found that human milk macrophages
express high levels of human leukocyte antigen—DR and

J Hum Lact XX(X), XXXX

produce a significant amount of tumor necrosis factor-a.
However, such expression and production are com-
promised in mothers of infants with cow’s milk allergy,
suggesting that the central role of human milk macro-
phages might be to induce oral tolerance in the breast-
feeding infant.®

NK cells and cytolytic T lymphocytes recognize tumor
cells or virally infected cells through interaction with
unique antigens expressed on the cell surface. They
then kill infected cells via mechanisms involving per-
forin and granzymes. Many studies’ suggest an associa-
tion between the deficiency of NK cell activity and the
increased susceptibility to herpes simplex virus and human
immunodeficiency virus infection in preterm infants
and newborns. The relatively higher percentage of
NK cells and cytolytic T lymphocytes in human breast
milkmay compensate for the deficiency. Interleukin-22—
producing NK cells, a novel human natural killer cell
subset, which were found in lamina propria, may play a
pivotal role in maintaining mucosal immunity and tissue
repair.'*!5 Clinical reports have shown that some chil-
dren with severe combined immunodeficiency developed
graft versus host disease when they were started on breast
milk,' implying that some penetration of cells through
gut epithelia takes place during normal breastfeeding. We
speculate that the high percentage of NK cells in human
milk may play a critical role in maintaining mucosal
homeostasis and inducing immune tolerance. Newborns
have a skewed CD4" subpopulation, with Th2 cells being
dominant. This may make them prone to allergic dis-
eases. The higher numbers of T and NK cells in mater-
nal colostrum may provide a compensatory mechanism
to overcome such skew. This results in a relative lower
percentage of CD19" cells in colostrum.

Our data showed that CD4" T cells in colostrum
express CD40L, CD25 (IL-2Ra), and CD45RO with-
out any stimulation, which is consistent with reports in
the literature.''*!” It can be assumed that such CD4" T
lymphocytes in colostrum are activated memory T cells.
This is beneficial to infants, whose immune system is
immature.

CD45RA'CD45RO" subset of CD4 T cells is consid-
ered a transition form of cells from naive to effector phe-
notype during CD4 priming with increased expression
of activation markers. The generation of this subset can
occur in 2 ways: the transition of recently activated of
CD45RA" T naive cells to CD45RO"CD45RA™ pheno-
type, and re-expression of CD45RA" isoform in the
absence of antigen stimulation.'"® The number of
cells belonging to this subset is far greater in secondary
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lymphoid organs than in the circulation. In the periph-
ery, these cells are found at a low frequency (<1%)."
Our study showed that the CD45RA"CD45RO" subset of
CD4 T cells exists in both colostrum and mature human
milk. We speculate that this subset may be derived from
CDA45RO" cells given the lack of Ag stimulation in colos-
trum and mature human milk. However, the functional
significance of this subset in milk needs to be further
explored.

We analyzed the association of atopy and cesarean
delivery with the distribution of lymphocytes in human
colostrum. The numbers of NK cells and memory T cells
in breast milk from atopic mothers were significantly
lower than in mothers without atopy. Some studies
revealed that the cytokines and biochemical composi-
tion of colostrum differ significantly between mothers
with and without atopic diseases,”**! although Jérvinen
and Suomalainen® showed no such difference. NK cells
play a critical role in anti-infection, killing tumors and
preventing autoimmune diseases. Recent reports, how-
ever, suggest an association between NK cells and aller-
gic diseases.”** Three regulatory pathways may be used
by activated NK cells to inhibit the development of
Th2 response to allergens. First, cytokines such as
interferon-y that are secreted by activated NK cells may
create a microenvironment that promotes the develop-
ment of Th1 cells and/or prevents the naive T cells from
differentiating into the Th2 subtype. Second, NK cells
inhibit allergic responses via direct interaction with
T cells or other inflammatory cells. Activated human
NK cells express MHC class 11, B7, and OX40L, which
interact with T-cell markers such as TCR, CD28, and
0X40, respectively, resulting in T-cell proliferation,
cytokine production, and immune memory generation.
Third, activated NK cells may modulate allergen-
specific T-cell responses by interacting with dendritic
cells (DCs), a key player in initiating and shaping adap-
tive immune responses upon allergen exposure. NK cells
may stimulate CD8a" DCs, the DC subset with greater
effect in inducing Th1 responses.® Naive CD45RA"
T cells, upon Ag priming, develop into CD45RO"
memory-type T cells. These memory-type T cells pro-
tect the host from infectious diseases through the pro-
duction of cytokines. CD45RO* memory-type T cells
can also induce Thl responses.”® Animal studies have
shown that lymphocytes in colostrum can be absorbed
directly by neonates through small intestine mucous
membrane. Breast milk—derived immunocompetent cells
are found in mesenteric nodes and spleens of rodent
pups, lambs, and neonatal baboons.?” Although there are
only a few studies in humans, the relative neutral pH of
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the stomach in early infancy, together with the buffering
capacity of milk, may allow survival of milk lympho-
cytes as well as cytokines during gastrointestinal transit.
A human organ culture system demonstrated that human
milk cells are capable of traversing the gut epithelium
in the presence of milk.?® Accumulated evidence suggests
that breastfeeding is accompanied by a trafficking of
maternal cells to the infant’s lymphoid tissues. Since
T cells and some B cells have relatively long intermitotic
times, they may be present in the recipient’s system
for many months to years.” This may explain the fact
that infants of atopic mothers have increased risk of
developing atopic diseases.

The number of activated CD4" T lymphocytes is
significantly reduced in colostrum from mothers who
undergo cesarean delivery compared with mothers with
spontaneous vaginal delivery. It is widely accepted that
cesarean delivery not only can increase short-term adverse
outcomes in infants such as respiratory distress but also is
associated with risks of developing food allergy, obesity,
asthma, and type 1 diabetes in childhood or adulthood.*
Recently, Sanchez-Valverde et al’' confirmed that cesar-
ean delivery is associated with I[gE-mediated cow’s milk
allergy. There have been no reports in the literature
regarding the association of cesarean delivery with the
composition of immunocompetent cells in human milk.
The components of human breast milk vary greatly
throughout the lactation period. During gestation, pri-
meval milk accumulates in mammary glands and then
becomes colostrum until labor occurs. The mode of
labor presentation can influence lactation time.

Our studies had limitations because the sample size
was relatively small and the percentage of mothers with
cesarean delivery was relatively higher than that pre-
viously reported (>60%), which may be related to the
overall lower number and percentage of immunocom-
petent cells in the milk of Han Chinese women.

As demonstrated in this study, the cellular compo-
sition of human milk in Han Chinese differs from
that reported in other countries. The total cell num-
ber is slightly lower and the percentage of lymphocytes
is higher than those reported. Furthermore, the highest
percentage of lymphocytes in human milk consists of
NK cells instead of T cells as shown in the literature.
In agreement with data reported, the main popula-
tion in CD4" T lymphocytes consists of activated
memory T cells. CD45RA"CD45RO" subset of CD4
T cells exists in both colostrum and mature human milk.
Atopy and cesarean delivery may be associated with
the phenotypes of lymphocytes in colostrum, which
needs to be further elucidated by multicenter studies
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with large sample sizes. The functional aspect of these
large amount cells in human milk deserves further
exploration.
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