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Abstract

Background: Most of the studies aimed at analyzing the presence of 
immune cell populations in breast milk focusing mainly on colostrum 
and transitional milk, and a few on mature milk, few studies analyze the 
presence of immune cells during supplemental feeding of infants after 6 
months. The purpose of this work was to analyze the presence of some 
populations of immune cells, including γδ T cells, in 8-month-old mature 
breast milk.

Patient: Apparently healthy 19-year-old woman, who does not report 
pregnancy complications and states that she has no history of any chronic 
or degenerative disease. Within the first 12 days of sampling, the health 
status of the mother and the baby is apparently healthy. On day 13 the 
infant presented respiratory tract infection and between days 22-40 the 
mother reports a state of asthenia.

 Materials and methods: The subpopulations of CD45, CD3, CD4, CD8 
and T γδ cells were analyzed in 8-month-old mature breast milk, 10 mL of 
milk was collected for 60 days after ethical approval and informed con-
sent. Flow cytometry was used for the analysis of the subpopulations.

Discussion and conclusions: the data revealed the importance of dyad 
factors on the regulation of unconventional T cells present in breast milk, 
such as infections and depression, being able to observe how the sub-
population of γδ T cells is modified in the face of an active infection of the 
infant and in a state of asthenia of the mother.
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Introduction

When a child is born, it has a complete immune system, but 
immature, it lacks immune memory, however, it is capable of 
responding to different antigenic stimuli, since, under normal 
conditions, the fetus is not exposed to antigens, so its immu-
nological memory acquires it when it comes into contact with 
the different antigens [1]. In this sense, breast milk, in addition 
to providing bioactive molecules and microbiota, provides im-
mune cells that are responsible for programming the newborn’s 
immune response, optimizing the maturation of the neonatal 
and infant immune systems, inducing immune tolerance, and 
tissue repair [2]. Lymphoid cells CD45+, CD16+, NK cells, baso-
phils, myeloid precursors, B cell precursors, B cells, neutrophils, 
eosinophils, immature granulocytes, CD4+ and CD8+ T cells and 
stem cells have been identified in breast milk [3]. In addition, 
temporary changes have been reported in the composition of 
breast milk, observing large differences in colostrum, transi-
tional milk and mature milk [4]. Since the 1990s, the presence 
of γδ T cells has been identified in human milk [5]. In humans, 
there are two subpopulations identified by their Vδ chain. Vδ1 
T cells are predominant in the thymus and peripheral tissues 
and recognize stress-related antigens, mostly uncharacterized. 
Vδ2 T cells make up most of the blood γδ T cells. They are gen-
erally associated with the Vγ9 chain in adults and mainly rec-
ognize phosphorylated non-peptide molecules [6,7]. Both sub-
populations of human γδ T cells possess a cytotoxic potential 
mediated by the release of soluble mediators such as perforin 
and granzyme, they can also produce granulysin and induce 
apoptosis by the CD95L pathway, and they can also exert an-
tibody-dependent cellular cytotoxicity (ADCC) [8]. However, its 
properties and function in the breast, during lactation, and for 
the breastfed infant are still far from fully understood, and the 
maternal transmission of T cells to the newborn is a subject of 
intense debate. To date, most of the studies aimed at analyzing 
the presence of immune cell populations in breast milk focusing 
mainly on colostrum and transitional milk, and a few on mature 
milk [9], few are the studies that analyze the presence of im-
mune cells during the supplementary feeding of infants after 
6 months. The purpose of this work was to analyze the pres-
ence of some immune cell populations including γδ T cells in 
8-month-old mature human milk.

Case report 

Apparently healthy 19-year-old woman, 62 kilos, 1.67 m tall, 
who reported no complications in pregnancy and manifests not 
having a history of any chronic or degenerative disease. Within 
the first 12 days of sampling, the health status of the mother 
and the infant is apparently healthy. On day 13, the infant pre-
sented respiratory tract infection, fever 38.1oC, the pediatrician 
reported a viral infection, only prescribed paracetamol. The 
mother did not present contagion, the mother expresses 20 to 
25 milliliters of milk in half an hour. Between days 22-40 the 
mother reports a state of asthenia, manifests having personal 
problems. Milk production decreases, she extracts 11 milliliters 
in half an hour.

Materials and methods

Obtaining the samples

19 samples of mature breast milk (10 mL) were collected 
in an interval of 60 days prior to obtaining informed consent, 
starting the sampling at 8 months of lactation and ending at 9.5 
months of lactation. The samples were collected by manual ex-
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traction after hygiene and asepsis from the mother’s breast. All 
samples were drawn between 6 and 7 AM. The samples were 
placed in sterile tubes and stored at -20°C until use. 

Obtaining cells from mature breast milk 

The milk samples were thawed to avoid cell breakdown by 
the crystals formed during storage. Subsequently, the samples 
were centrifuged at 327 X g for 15 min at 4°C, the fat and the 
supernatant were discarded. The cell pellet was washed with 
phosphate saline buffer (PBS; 137 mM NaCl, 2.7 mM KCl, 4.3 
mM Na2HPO4·7H2O, and 1.4 mM KH2PO4, pH 7.4) by repetitive 
pipetting and the cells were centrifuged at 327 X g for 15 min at 
4°C, at least 3 washes were performed, or until the supernatant 
was clear. 

Assessment of cell viability 

Cell suspensions obtained from milk human mature were 
centrifuged at 1200 X g at room temperature for 10 min. The 
supernatants were thoroughly removed by aspiration and the 
tubes tapped vigorously to disperse the pellets. A sterile-fil-
tered solution of 50 µg/mL propidium iodide (PI) in 100 mM 
Tris, pH 7.0 containing 5 mM MgCl2 was added slowly. The tubes 
were tapped vigorously during the addition to help suspend the 
pellets. Vortexing was avoided. One milliliter of the PI solution 
was added for every 106 cells. After staining, the cell population 
was analyzed by flow cytometry.

Analysis of cell populations by flow cytometry

The phenotype of the cells was evaluated by flow cytometry. 
Compensation beads and blood cells were used for antibody 
titration by individual stains to determine compensation set-
tings, A dispersion threshold level (SSC) was established at 2800 
and (FSC) at 1950 units to eliminate debris. Briefly, 1 X 106 cells 
were independently placed in 1.5 mL tubes and blocked with 
a 2% solution of SFB in PBS, and incubated at room tempera-
ture for 30 min. Cells were centrifuged at 327 × g for 10 min. 
Cells were washed twice with 500 µL of PBS-10% SFB and cen-
trifuged at 327 X g for 10 min. For immunophenotyping using 
fluorochrome-conjugated monoclonal antibodies PE anti-hu-
man CD45 antibody (BioLegend CNS Inc. CAT 368510), FITC anti-
human CD3 antibody (BioLegend CNS Inc. CAT 300306), PE anti-
human CD4 antibody (BioLegend CNS Inc. CAT 357404), FITC 
anti-human CD8 antibody (BioLegend CNS Inc. CAT 344704) and 
FITC TCR anti-human TCRγδ antibody (BioLegend CNS Inc. CAT 
331208) were added to a final concentration of 1 µg/100 µL in 
staining buffer (Invitrogen ™ eBioscience Flow Cytometry Stain-
ing Buffer). The cells were incubated for 40 min at 4°C, at the 
end of the incubation the samples were brought to a volume 
of 1 mL with 1X PBS, washed twice, the cells were centrifuged 
at 327 X g for 10 min, finally they were resuspended in 1 mL of 
1 X PBS. cells were read according to their fluorochrome on a 
flow cytometer (Attune Acoustic Focusing Cytometer, Applied 
Biosystems). A minimum of 10,000 events was collected (refer-
ring to the number of cells in the sample passing the cytom-
eter’s laser beam for counting and analysis). Recorded data was 
post-hoc compensated and analyzed with FlowJo software. Sta-
tistical tests were performed on Prism for Mac (version 9.1.2, 
GraphPad, La Jolla CA, USA).

Statistical analysis

The values obtained from all the experiments are expressed 
as means and standard deviation (mean ± SD). Cell populations 
were reported according to the median and their interquartile 
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range (IQR). The differences between the proportions of cells 
(CD8 + and T gd) concerning the days were analyzed using the 
paired Student’s t-test (GraphPad Prism, Version 9.1.2, La Jolla 
CA, USA). Statistical significance values were established at p 
<0.05.

Ethical approval

This study was approved by the ethics committee of the Fac-
ulty of Chemical Sciences of the Veracruzana University, and the 
participant provided her written informed consent.

Results

The presence of CD45+ cells was monitored, observing a 
median of 54.2% (IQR [39.4-69.0]), from these cells, differ-
ent subpopulations of T cells were identified and a median of 
30.3% (IQR [24.7-35.9]) of CD3+ T cells was found, 19.2% (IQR 
[15.3-23.1]) of CD4+ T cells, 10.5% (IQR [5.1-15.9]) of CD8+ T 
cells and 2.9% (IQR [0.9-4.9]) of γδ T cells (Figure 1A). No differ-
ences were observed in the percentage of the subpopulations 
analyzed during the days of my sampling except for what was 
observed in the subpopulation of γδ T cells, where an increase 
in the percentage of cells of 9.9 times was observed on day 16 
(2.9% Vs 28.8%), this increase coincides in the days where the 
infant suffered a process of viral infection, subsequently, a de-
crease in the percentage of cells of 0.6 times was observed from 
day 22 to day 42 concerning the median of T cells γδ observed 
(2.9% vs 1.87%) (Figure 1B), this decrease was observed in the 
days in which the mother reported a state of asthenia.

The number of γδ T cells was analyzed during the observed 
modulation, finding that on day 15 the concentration of these 
cells was 31,881 cells/mL, while the concentration on day 40 
was 1169 cells/mL, after this decrease in the number of cells a 
recovery of the percentage of these cells was observed at day 
50 (Figure 2A).

CD8+ populations (T αβ and T γδ) were analyzed, firstly, a 
comparison was made in the concentration of CD8+ γδ T cells on 
day 1 Vs day 15 [9,922 cells/mL (7.9%) Vs 31,881 cells/mL (28.85 
%); P = 0.02], from day 1 Vs day 40 [9,221 cells/mL (7.9%) Vs 
1,169 cells / mL (1.85); P = 0.03], from day 40 Vs day 50 [1,169 
cells/mL (1.8%) Vs 5.575 cells/mL (5.7%); P = 0.01], from day 15 
Vs day 40 [31,811 cells/mL (28.8) Vs 1,169 cells/mL (1.8%); P 

Figure 1: Ratio of leukocytes in 8-month-old mature breast milk. A) 
Charts showing the percentage of CD45, CD3, CD4, and CD8 cells 
in breast milk. B) Behavior of the Vγ2Vδ2 T cell subpopulation. 
The bracket (a) indicates the period in which the infant had a viral 
infection, the bracket (b) indicates the period in which the mother 
manifested feeling asthenia. The gray band in the graphs indicates 
the median ± IQR cell percentage for each subpopulation.

= 0.006] statistically significant differences were observed (Fig-
ure 2B). However, when the CD8+ αβ T cell concentration of day 
15 (35,000 cells/mL) was compared to the CD8+ αβ T cell con-
centration of day 40 (29,583 cells/mL); (P = 0.08) or Vs day 50 
(34,412 cells/mL); (P= 0.66) no statistically significant differenc-
es were observed. The results showed only a significant change 
in the concentration of CD8+ γδ T cells (Figure 2B).

Figure 2: Analysis of modulation in the percentage of γδ T 
lymphocytes by flow cytometry. A) The histogram shows the 
number of Vγ2Vδ2+ T cells/mL present on day 1, 15 (infection in 
the infant), 40 (state of asthenia in the mother), and 50. B) The 
percentage of Vδ2+ lymphocytes was analyzed by flow cytometry 
as a fraction of CD8+ cells in mature breast milk, TCR γδ cells 
were defined by TCR γδ+ region, gated on CD45+/CD8+. The scatter 
diagrams show the percentage of T cells on days 1, 15, 40, and 50. 
Differences between the percentage of T cells were analyzed by 
the unpaired t-test. P=*,**; < 0.05, 0.001.

Discussion 

This is one of the few studies in 8-month-old mature milk that 
aimed to characterize CD45+ leukocytes and describe the modu-
lation of the presence of unconventional T lymphocytes. A high 
interindividual variability has been reported in the number of 
cells in breast milk and the total number of cells in breast milk 
varies greatly in the different stages of lactation, the percent-
age of cells found in this study is consistent with that reported 
in other studies with mature milk [10], however, an increase in 
the number of γδ T cells was observed during the course of viral 
infection in the infant. Viral infections are common in people 
of all ages, but they often seem to be concentrated in infants 
and children on a regular and unavoidable basis due to their 
immaturity of immune systems, yet most children with viral in-
fections get better without treatment [11], this improvement 
could be due to the participation of immune cells that provide 
breast milk.

Breast milk transmission of T cells to the newborn is a sub-
ject of intense debate, the results obtained in this work denote 
bidirectional immune crosstalk between breastfeeding and the 
newborn, suggesting that the number of γδ T cells rise in re-
sponse to dyad infections, these cells pass through breast milk 
favoring the infant's immunity and resolving the infection and 
later returning to basal concentrations upon recovery of health 
of the infant [12].

Vγ2Vδ2 T cells is a subpopulation of γδ T cells also known 
as Vγ2Vδ2 cells, as they can recognize a broad range of anti-
gens without the presence of major histocompatibility complex 
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(MHC) molecules. They can attack target cells directly through 
their cytotoxic activity or indirectly through the activation of 
other immune cells [13]. γδ T cell subsets have been described 
as potent effector populations against pathogens including vi-
ruses [14].

On the other hand, a decrease in the number of γδ T cells in 
breast milk was observed during the period in which the moth-
er mentioned having problems with discouragement. Depres-
sion is known to increase the risk of cessation of breastfeeding 
in several ways [15,16], however, there is little evidence on the 
influence of emotional variables such as anxiety and depression 
on breastfeeding and its association with the number of cells 
present in breast milk [17]. The relationship of depression with 
immunological functions shows a predominance of heteroge-
neous findings for many of the immunological parameters since 
there are variables such as sex, age, ambulatory status, and the 
severity of depressive symptoms that are involved in this pro-
cess. Alterations in humoral and cellular immunity have been 
reported, some of which have been interpreted as hyperactivity 
and others as depression of the immune system [18], however, 
more studies are needed aiming at the effect of depression on 
the modulation of the presence of cells in the breast milk. Al-
though these data are limited to a single sample, they reveal the 
importance of dyad factors on the regulation of unconventional 
T cells present in breast milk, such as infections and depression, 
being able to observe how this cell subpopulation is present in 
milk it is modified in the face of an active infection of the infant 
and a state of asthenia of the mother.

Conclusion

The molecular communication between the infant and the 
mother has not been fully described, the cellular content of 
the milk depends on several factors, such as the fullness of the 
mammary gland, the stage of lactation, the health status of the 
mother/baby dyad, the permeability of the basement mem-
brane and the development of the mammary epithelium [19]. 
This suggests that there is great heterogeneity in the composi-
tion of milk from one woman to another and that it changes 
as it adapts to the needs of her baby. However, these results 
may give an indication and try to explain how newborns with 
an immature immune system cope with exposure to pathogens, 
highlighting the importance of T γδ cells in this process.
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