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Recently, breastmilk has been observed to be an ideal source of stem cells. Here, 

different cellular constituents that are present in human breastmilk, identified by 

cytological staining procedures. Smears were prepared from breastmilk and fixed 

with ether and 95% ethyl alcohol (1:1) followed by staining with Giemsa, 
Hematoxylin and Eosin. Different cell types were observed. These were identified by 

their unique morphological patterns and archetypal geometry of the nucleus. 

Monocytes have metaphorically bean/ kidney-shaped or horse-shoe shaped or heart 

shaped nucleus whereas lymphocytes have large nucleus. Macrophages display 

irregular shape. Plasma cells have small, dense, eccentric nucleus, voluminous 

cytoplasm. Neutrophils, basophils and eosinophils were recognized by their lobulated 

nucleus. Lactocytes are characterized by exclusive lipid inclusions. There was a 

predominant occurrence of vacuolar space resembling morphologically to alveolar 

and lobular cells of functional mammary gland of human. The expression of the 

following cell types in mature human milk concludes that they have both 

hematopoietic and mammary origin. This study further illustrates the possibilities of 
breastmilk to consider as a unique cellular model that can be used to study breast 

pathology and biology of mammary glands. 

 

 

Introduction 
Detailed cellular analysis of any physiological products or tissues is an efficient way to study basic cell biology and 

associated disease pathology1, Identification of cells and cell types often yields deep insights into novel functions of 

core cellular machinery and become a diagnostic tool deciphering physiological status of individual2. Differential 

staining is a classical technique used to visualize cellular morphology, structure and classify the bonafide cells or 

cell types present in tissues and body fluid3. Human milk is a dynamic physiological fluid that contains many 

nutritional components, growth factors, bioactive molecules and heterogeneous population of many cell types. There 

are three distinct stages of breastmilk: colostrum, transitional milk and mature milk4.  

 
Colostrum is produced in the early postpartum period. It contains a plethora of proteins, fat-soluble vitamins, 

minerals, immunoglobulins, various cellular components and growth factors. The detailed cellular composition of 

human colostrum is well defined5,6. Soon after parturition, the secretion of colostrum lasts for approximately two 
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weeks, after which mature milk formation starts, which lasts till involution.  So, the neonates mostly consume 

mature milk during lactation period and are exposed to dominant cell types present in it7. Recently, a study 

conducted to evaluate the leukocyte populations present in term and preterm breastmilk by using multicolour flow 

cytometry8. This method allows a robust measurement of an extended differential leukocyte count (up to 11 

leukocytes subsets) in both healthy and diseased individuals. However, this high-throughput and high-content 
analysis system needs sophisticated instrument and expert personals to operate such instrument9, 10. On the other 

hand, preparation of cytological smears and application of different staining procedure provide a more 

comprehensive view of underlying tissue architecture and complete cellular morphology of concern tissues or 

physiological fluid11. The principal aim of this study is to analyze the detailed morphological pattern of different 

cells and cell types present in mature milk by applying different cytological stains.  
 

Materials and methods 
The study protocol was approved by the institutional human ethical committee.  All participants were properly 

explained about the purpose of the study and their written consent was obtained prior to collection of sample. A total 

of four breastfeeding women (duration of lactation – four to 12 months) were recruited to participate in this study. 

Participants were asked to clean the nipple with soap and water before expressing milk. Breastmilk was expressed 

using electronic pumps, hand-operated pumps or manual expression (according to the donor’s usual method). The 

milk was collected in SPECI-CAN (Romsons medicons, India) in the morning hours and immediately transported to 

laboratory in an ice bag and processed within four hours of expression.  

 

Cellular evaluation  

A drop of breastmilk was pipetted onto a glassslide and a coverslip (SSU Plain Glass Slides Cover Slips, India) was 

placed. Then microscopic examination was undertaken without staining the smear. For the cytological evaluation, 

the smears were prepared on separate clean glass slides by using a pasture pipette (Tarson, India). Then, the smears 
were fixed without drying by immersion in a solution of equal parts of ethers (Merck, USA) and 95% ethyl alcohol.  

The fixation procedure was adopted from Papanicolaou et al. (1958)12. Giemsa staining (Himedia, India) and 

haematoxylin and eosin (H and E) (Qualigens, Thermo Fisher Scientific, India) were employed for staining the 

smears to study the cellular morphology. For conducting H and E staining these slides were serially rehydrated and 

dehydrated in 30%, 50%, 70%, 90% and 100% alcohol, then stained with haematoxylin and eosin. Giemsa staining 

of the slides was done as per manufacture protocol. After removal of excess stain the detailed morphological 

analyses were carried out under compound microscope (Olympus, America) for identification of specific cell types.  

 

Light microscopy and photomicrographs 

Olympus CX-41(Olympus America, Center Valley, PA 18034-0610) equipped with Plan N 40×, 0.65 numerical 

aperture dry, and Plan N, 1.25 numerical aperture 100× oil objectives. Images were captured using a digital camera 
(Nikon, India) coupled to compound microscope.  A total of 200 slides were examined. 

 

Results 

A heterogenous cell population was recorded when smears of pure breastmilk were observed through compound 

microscope prior to identification of cell types by staining. The cells of different shapes and sizes were found to 

uniformly distributed throughout these smears. Some were appeared small while others are big and cells having 

circular, elliptical and spherical morphology were clearly visible (Fig: 1 A). In the present investigation considerable 
number of foam cells (or “cells of Donné”) were observed in the smears of mature milk (Fig: 1 B). They were 

approximately circular and somewhat flattened. They had a well distinct border with large prominent nucleus and 

granular cytoplasm. 
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Monocyte lineages (Fig: 2A) having spherical and bulky shape were frequently observed in the smears. Sometime 
they had an irregular contour. They had characteristic horse-shoe shaped or heart shaped or kidney shaped nucleus 

which located at the periphery and show dark purple colour on staining. These were very much similar to the 

monocytes present in blood with an exception that milk monocytes contain numerous fat globules and have fewer 

granules in their cytoplasm. Further, microscopic analysis were observed the presence of irregular shaped 

macrophages having various interface. These were easily distinguished from other cells by their larger size and 

finely vacuolated cytoplasm filled with both small and large vacuoles (Fig: 2 B). Lymphocytes were round or 

spherical in shape. The nuclei were rounded in shape in both small and large lymphocytes. In both the lymphocytes 

the nuclei occupied almost the entire cell leaving a thin rim of light violet or almost transparent cytoplasm towards 

the periphery. Nuclei of both the lymphocytes were dip violet in Giemsa (Fig: 2 C, D). 

 

 
 

 

 

 

 

   

Fig: 1- Cells present in pure human milk without using any stain: A-Different shape and sized cells 

present in breastmilk (100 x magnification). White arrow indicates smaller size cells and black arrow 

indicates larger size cell; B- Typical foam cell (100 x magnification). 
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In the present study, a set of granulocytes were infrequently observed and identified by their morphological pattern 

and shape of the nucleus. Polymorphonuclear neutrophils were marked by their multi-lobed nucleus, these became 

dark and appeared dark blue or almost black on Giemsa staining (Fig: 3A). During the present investigation, the 

presences of basophils in the breastmilk were occasionally noticed (Fig: 3 B). Basophils were identified by the 

presence of U shaped, bi-lobed nucleus obscured with granules. These cytoplasmic granules became dark pink on 
staining with H and E staining. They had high nucleus to cytoplasm ratio. The presence of mast cells was also 

observed in few smears of breastmilk. These were identified by uni-lobular round nucleus and dense basophilic 

granules occupying all the cytoplasm (Fig: 3 C).  Here, eosinophils were noticed, their bi-lobed nucleus appeared 

blue and cytoplasm contain large granules, enzymes and proteins appeared pink on H and E staining. It is invaluable 

to note these granulocytes were sparsely observed in milk smears, when collected from healthy dyad.   

 

 

Fig: 2- Different types of agranulocytes present in breastmilk. A. Monocyte (Giemsa staining), B. 

Macrophage (H and E staining), C. Small lymphocyte (Giemsa staining), D.  Large lymphocyte 

(Giemsa staining).  Here all the cell types were viewed at 1000 x magnification. Arrow heads 

indicate respective cell type. 
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In the present investigation, plasma cells exhibit a small, dense, eccentric nucleus, voluminous cytoplasm were 

infrequently observed (Fig: 4 A). Lactocytes were observed predominantly and identified by their peculiar 

morphology of presence of invariable amount of fat inclusions or fat droplets (Fig: 4 B). The lobular cell clusters 

Fig: 3- Different types of granulocytes present in breast milk. A. Polymorphonuclear neutrophi,(Giemsa staining), B. 

Basophil (H and E staining), C. Mast cell (H and E staining),  D. Eosinophil (H and E staining).  Here all the cell types 
are viewed at 1000 x magnification. Arrow heads indicate respective cell type. 
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were invariably present in the breastmilk. These are identified by presence of vacuolar space for accumulation and 

storage of milk (Fig: 4 C). The parenchymatous alveolar cells having cuboidal morphology accompanied with many 

microvilli and fat droplets were also observed (Fig: 4 D). The results of this experimental observations can 

contributed efficiently to study diagnostic cytology, mammalogy, immunology and oncology of mammary gland and 

associated organs. 
 

 
 

  
 

 

 

 

Discussion 

During development, cells undergo change in behavior and gene expression that distinguish them from their 

neighbours and enable them to perform their assigned function13, 14. The cellular function attributed to different cell 

types is determined the shape of nucleus, cytoplasmic content and its structure15. This concept intrigues many 

researchers to reveal different cell types present at different allocated tissue systems16, 17. Most notably, after 

placental transmission the second mode of transfer of immunity occurs via the milk to newborn18. Composition of 

the human milk has indeed been a topic of research over the years. Recently it is reported that apart from the 

nutritional contents, the presence of various cellular components and numerous bioactive factors makes it invaluable 

source to study biology and pathology of mammary gland, this may open new therapeutic opportunities in cell-based 
therapies and may create novel pharmacological formulation to be used medicine and clinical biology19. The results 

of this analytical study illustrates breastmilk contains heterogeneous cell population composed of cells and cell types 

Fig: 4- Specific cell types present in breast milk. A. Plasma cell (H and E Staining), B. Lactocytes showing 

lacteals (Giemsa staining), C. lobular cells (Giemsa staining), D. Alveolar cells (Giemsa staining), Here all the 
cell types are viewed at 1000 x magnification. Arrow heads indicate respective cell type. 
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of various shape, size and kind. Previous reports also elucidate the complex nature of human milk, which has a  

heterogeneous composition of cells comprising of immune cells, epithelial cells, early-stage stem cells, progenitors 

and more differentiated cells4, 20-22  The present investigation also demonstrates the variant patterns of cells and cell 

types in term of  size, number and composition. 

 
The morphological patterns and the somatic cell content of cells present in colostrum was well defined6, 23. The 

major cellular constituents of colostrum are  colostral corpuscles, macrophages, small lymphocytes, neutrophils 

occasionally epithelial cells5. The origin and function of foam cells is the subject of considerable interest for 

academician, oncologists and clinical practitioners. According to some authors these are desquamated epithelial 

cells24, while other contended that these may be macrophages from the blood25, 26.  “Cells of Donné “ or foam cells 

are invariable present in colostrum. However, accumulating evidences suggest these cells are universally present in 

normal, atypical and malignant mammary secretion12, 27. Similar to earlier publish reports in this study the presence 

of foam cells in breast milk is also demonstrated. In the present investigation, classical staining procedure is 

followed to identify different cells and cell types. Cell staining is a necessary and useful technique to visualize cell 

morphology and structure under a microscope. This cost effective conventional approach decipher detailed 

regarding particular cell types based on their phenotypic characters and structural integrity of nucleus. This 

technique has been widely used in many areas basic biology and medicine such as cytology, hematology, oncology, 
histology, virology, serology, microbiology, cell biology and immunochemistry28. Seminal studies have used this 

technique to evaluate exfoliative cytological smears of mammary secretion and screening of oral carcinoma12, 29. 

 

The nuclear shape within a given cell defines that particular cell type and it depends on the functional activities of 

that cell type30. Previously it is reported that biological processes performed by particular cell type such as 

proliferation, apoptosis, differentiation, development, and aging is require careful orchestrate spatial and temporal 

expression of gene31. Further, bidirectional trafficking of functional components like tRNAs and mRNAs, histones, 

DNA and RNA polymerases, gene regulatory proteins, and RNA-processing proteins between nucleus and 

cytoplasm is ascertain the shape, size of nucleus and nature of cytoplasm32. So, for proper identification of cells and 

cell types, the shape, size and position of nucleus and nature and texture cytoplasmic proteins can be taken as 

thorough reference. Human milk comprises of complex cellular hierarchy that originate from both haematopoitic 
stem cells (HSCs) derived blood cells and mammary stem cells derived breast-cells. Hematopoietic stem cell system 

(HSC) is a demand control system consists of a HSC niche, containing stem and progenitor cells and its fully 

differentiated progenitors reside in the bloodstream. The demand from the organism occurs via changes in the levels 

of differentiated blood cells, which feedback this demand to the primeval (stem and progenitor) cells33. The bi-

potent mammary stem cells, which poorly present in the resting breast become activated and undergoes controlled 

program of proliferation and differentiation towards milk secretory cells during pregnancy and lactation19. In the 

present study, a set of agranulocytes, granulocytes and few specific cell types only limited to mammary gland were 

recorded in human milk. Moreover, health status of dyad also influence the cellular composition of breastmilk34. 

 

Monocytes and macrophages are active components of innate immune system35. These play major role in 

development, inflammation and anti-pathogen defense mechanisms either eliminating the foreign agents directly or 

by organizing different phases of inflammatory response36. Monocytes have bilobed nucleus37. The nucleus is 
frequently horse-shoe shaped or kidney shaped or heart shaped. The reason for formation of bi-lobed nucleus in 

monocytes is not yet fully understood. This may be due to the fact that it makes the cell flexible to pass through the 

basement membranes and enter to tissues with ease.  The nucleus of monocytes generally acquires round shape 

following recruitment into tissues and on differentiation into a variety of macrophages and other cell types38. 

Macrophages are one of the most important professional phagocytes in the body, capable of killing a wide spectrum 

of foreign invaders using the active lysosomal system present in these cells. Most probably this functional 

competency attributes its irregular shape, as it has to undergo transendothelial migration to elicit its response. 

Irregular shaped macrophages with granules in their cytoplasm and round shape nucleus that were seen in the 
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present investigation corroborate with the findings of the earlier publish report39. Notably, the macrophages of 

breastmilk show higher motility than their blood counterparts40.  

 

Lymphocytes appear to be the least interesting of all the leukocytes may be due to the monotonous sameness of 

appearance.  As it gives no clue about its complex history, its present function or its future and nor could able to 
explain why T cells responsible for cellular immunity while B cells provide humoral immunity41. In the present 

study, there was a predominant occurrence of different lymphocytes. Small lymphocytes are non-DNA synthesizing 

cells.  These are oligopotent stem cell and possess high nucleus to cytoplasm ratio42. Indeed, these small 

lymphocytes show no functional activity until they encounter antigen, which is necessary to trigger their 

proliferation and differentiation into large lymphocytes, B cells and T cells32, 43.  Literature suggests these 

progenitors are larger in size having a larger nucleus and higher cytoplasmic content than small lymphocytes may be 

to perform specialized function providing innate and adaptive immunity44.   

 

In the present study, the presence of different granulocytes such as neutrophils, basophils, eosinophils and mast cells 

were less frequently recorded. The granulocytes present in human milk have similar morphology to that of 

granulocytes present in peripheral blood. Neutrophils form first line of defense by forming neutrophil extracellular 

traps, participating actively in oxygen dependent and oxygen independent phagocytosis process and secreting 
variety of biologically active compounds45. Basophils are non-phagocytic cells46. Basophils and mast cells share 

similar phenotypic and functional characteristics and express complementary and partially overlapping roles in 

acquired and innate immunity, including both effector and regulatory activities Bashophils and mast cells mainly 

concerned in pro-inflammatory responses to allergens and confer protection against pathogens47. The mast cells and 

basophils also release histamine, as well as smaller quantities of bradykinin and serotonin, heparin, slow-reacting 

substance of anaphylaxis, and a number of lysosomal enzymes. Granulocyte eosinophils contains chemical 

mediators, such as histamines and proteins such as eosinophil peroxidase, ribonuclease (RNase), deoxyribonucleases 

(DNase), lipase, plasminogen and major basic protein. Many appear to be degranulated to release mediators, 

granular proteins and superoxides and are thereby considered to play an important role in both parasite and host 

tissue damage48. Eosinophils migrate to inflamed areas and obliterate the foreign antigens by anti-parasitic and 

bactericidal activity or by extracellular trapping (ETs) mechanism. These are also participated in type-1 
hypersensitivity reactions and modulate inflammatory responses49. 

 

Among the class of leukocytes the “granulocytes” are identified by their diversifying shape of nucleus50. The shape 

of the nucleus in neutrophils is multilobed, basophils and eosinophils have bilobed nucleus and whereas mast cells 

has round shaped nucleus. The shape of nucleus in neutrophils is may be due to the fact that it shows migration 

through even smaller than 1µm constrictions of the endothelium, either between or through cells. Accumulating 

evidences suggest lobular arrangement makes the nucleus easier to deform that facilitates the cells to pass through 

small gaps in the endothelium and extracellular matrix more easily51.The formation of neutrophil extracellular traps 

(NETs) involves loss of structural configuration of nucleus. This allows de-condensation of chromatin, break down 

of nuclear and cell membranes, releasing NET into the extracellular space over ∼1–4 h52. This particular mechanism 

“extracellular traps (ETs)” is also executed by other cell types including, mast cells53, eosinophils54 and 
macrophages/monocytes55. ETs consist of nuclear or mitochondrial DNA as a backbone with embedded 

antimicrobial peptides, histones, and cell-specific proteases and thereby provide a matrix to entrap and kill microbes 

and to induce the contact system. During this process there is a serious change in structural configuration of nucleus. 

This may be due the fact that it is easier to dissemble a lobulated nucleus. These alterations create this antimicrobial 

effector mechanism capable of snaring and killing a wide spectrum of microbes56. 

 

Lineage commitment toward granulopoiesis begins with the HSCs losing its ability to self-renew, and the stepwise 

acquisition of specific myeloid identity57. These are accompanied by unique changes in the shape and size of the 

cell, including dramatic changes leading to a multilobular nucleus in the final stage of granulopoiesis58. Although 

this unique morphological change has been extensively studied, but the exact mechanisms underlying it, are not yet 
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fully elucidated. A recent work demonstrates shape of the neutrrophil nucleus may contributed by marked changes 

in its nuclear envelope protein composition59. The modulation in nuclear morphology of neutrophil is associated 

with almost complete loss of lamin A/C expression and increased expression of lamin B receptor (LBR) 60. The 

lamin proteins provide structural support to the nucleus and protect against damage from mechanical stresses37. 

Particularly, the ratio of lamin A: B balances the stiffness of the nucleus against its elasticity61.  The lower content of 
lamin A and C, with an increase in lamin B  protein in nuclear envelope seems to influence nuclear shape. Another 

study also demonstrates that elevated level of LBR is necessary for the non-ovoid shape51. The granulocytes have 

lower lamin protein content than monocytes or  macrophages which make their nucleus hyper-segmented. Another 

nuclear protein Esc1p also influences nuclear shape62. In response to microbial pathogens with the necessary 

specificity and rapidity, B cells are exquisitely regulated in the bone marrow and activated in the periphery63. Plasma 

cells are the terminally differentiated, non-dividing effector cells of the B-cell lineage. These cellular factories 

devoted to the task of synthesizing and secreting thousands of molecules of clonospecific antibody at each second. 

Experimental evidences suggest that there are two stages in the initiation of lactation- secretory differentiation and 

secretory activation. Secretory differentiation represents the stage of pregnancy when the mammary epithelial cells 

differentiate into lactocytes with the capacity to synthesize unique milk constituents such as lactose. Lactocytes are 

identified by presence of fat globules34, 64. 
 
In the present study, enormous number of lactoytes were observed in human milk. Secretory differentiation process 

requires the presence of a 'lactogenic hormone complex' of the reproductive hormones, estrogen, progesterone, 

prolactin and some metabolic hormones. Secretory activation on the other hand, is the initiation of copious milk 

secretion and is associated with major changes in the concentrations of many milk constituents. The withdrawal of 

progesterone triggers the onset of secretory activation where as the presence of prolactin, insulin and cortisol is 

essential65, 66. Lobules in breast tissue can be classified based on their degree of development into four different 

types namely Type-one, Type-two, Type-three and Type-four 67. For the first time, in this study there was copious 

presence of Type-4 lobules in breastmilk was recorded, which are present only in the lactataing breast. During 

lactation, secretory cells synthesize milk components, which are collected in alveoli and duct lumen68. It is reported 

that the alveoli of the lactating breast are lined with a single layer of cells. Breast alveoli are balloon-like structures 

lined with milk-secreting cuboidal cells, or lactocytes that are surrounded by a net of contractile myoepithelial 

cells69. For the first time, the live alveolar cells of  lactating breast, were observed in mature human milk.  

 

Conclusion 

As breast biopsy of lactating women is not medically recommended, so anatomical diagrams and descriptions of the 

gross anatomy of the lactating human breast are based on meticulous dissections of the breasts of lactating cadavers 

(Ramsay et al., 2005) which may not reproduce complete cellular hierarchy of lactating mammary gland.  In mature 

breastmilk, morphologically complex architecture of lactating mammary gland is reflected. The cellular profiles of 
mature milk are closely resembled with different cell types present in blood and colostrum, so may give new 

dimensions to medical research as it can be used for diagnostic purposes to study the divesting pathology of aberrant 

breast, help us to understand biology of mammary gland. The mature human milk may be treated as a new drug 

which helps to rejuvenate, replenish and repair the disease tissue in adults. In future, breastmilk may be consider as a 

novel formulation that can delay the age-related diseases, slow the process of aging and thus prolong human life.   

 

Acknowledgements 

Authors are thankful to the Department of Science and Technology, Government of India, for providing financial 

support under vide reference number SR/WOS-A/LS-13/2016 dated 06.09.2016 under Women Scientist Scheme to 

carry out this work. Authors extend their thanks to Ms Swati Singh for critical reading and editing of the manuscript. 

Authors owe their thanks to the Director, Central Institute of Freshwater Aquaculture, Kauslyaganga, Bhubaneswar 

– 751 002 and the Head, Centre of Biotechnology, Siksha O Anusandhan University, Ghatkia,  Bhubaneswar- 751 

003, for providing the necessary facilities to carry out this work. 

 



Open Access Journal                                                                                                                                 

 

International Journal of Medical Research and Pharmaceutical Sciences 
Volume 4 (Issue 7): July 2017                                                                                         ISSN: 2394-9414 
DOI-  10.5281/zenodo.822761                                                                               Impact Factor- 3.109 

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/ 
 

 
10 

Conflict of interest 
The authors do not have any conflict of interest 

 

REFERENCES 
1. M. A. Al-Abbadi, “Basics of Cytology”. Avicenna J Med, Vol. 1, Issue 1, pp 18-28, 2011. 

http://doi.org/10.4103/2231-0770.83719  

2. P. Marguet, F. Balagadde, C. Tan, and L. You, “Biology by Design: Reduction and Synthesis of Cellular 

Components and Behavior”. ‎J R Soc Interface, Vol. 4, Issue 15, pp 607-623, 2007. 

http://doi.org/10.1098/rsif.2006.0206 
3. D. G. Baskin, “A Historical Perspective on the Identification of Cell Types in Pancreatic Islets of 

Langerhans by Staining and Histochemical Techniques”.  J. Histochem Cytoch, Vol. 63, issue 8, 543-558, 

2015.  http://doi.org/10.1369/0022155415589119.  

4. P. Kaingade, I. Somasundaram, A. Nikam, P. Behera, S. Kulkarni, and J. Patel, “Breastmilk Cell 

Components and its Beneficial Effects on Neonates: Need for Breastmilk Cell Banking”. J Pediatr Neonat 

Individual Med, Vol. 6, Issue 1, pp 1-12:e0601152017. doi: 10.7363/060115.  
5. C. W. Smith, A. S. Goldman. “The cells of human colostrum. I. In vitro studies of morphology and 

functions”. Pediatr Res, Vol. 2, Issue 2, pp103-109, 1968.  
6. S. M. Patki, V.T. Mali, U. S. Patki, and S. S. Patki, “Cytology of the Human Milk in the First Post Partum 

Week - A Clinical Perspective”. J Cytol Histol, Vol. S4:009, 2014. doi: 10.4172/2157-7099.S4009 

7. C. R. Martin, P.-R Ling, and G. L. Blackburn, Review of Infant Feeding: Key Features of Breastmilk and 

Infant Formula. Nutrients,  Vol. 8, Issue 5,  pp 279,  2016. http://doi.org/10.3390/nu8050279 

8. S. Trend, E. de Jong, M. L. Lloyd, C.H. Kok, P. Richmond, D. A. Doherty, K. Simmer, F. Kakulas, T. 

Strunk, A. Currie, (2015) “Leukocyte Populations in Human Preterm and Term Breastmilk Identified by 

Multicolour Flow Cytometry”. PLOS ONE, Vol. 10, Issue 8, pp e0135580. 

https://doi.org/10.1371/journal.pone.0135580  
9. J. P. Robinson, B. Rajwa, V. Patsekin, and V. J. Davisson, “Computational Analysis of High-Throughput 

Flow Cytometry Data”. Expert Opin Drug Discov, Vol 7, Issue 8, pp 679-693, 2012. 

http://doi.org/10.1517/17460441.2012.693475 

10. E. A. O’Donnell, E D. Nrnst, and R. Hingorani, “Multiparameter Flow Cytometry: Advances in High 

Resolution Analysis”. Immune Netw, Vol 13, Issue 2, pp 43-54, 2013.  

http://doi.org/10.4110/in.2013.13.2.43 

11. M. N. Gurcan, L. Boucheron,  A. Can, A. Madabhushi, N. Rajpoot, and B. Yener, “Histopathological Image 

Analysis: A Review”. IEEE Reviews in Biomedical Engineering, Vol 2, pp 147-171, 2009. 

http://doi.org/10.1109/RBME.2009.2034865 

12. G. N. Papanicolaou, D. G. Holmquist, G. M. Bader, and E. A. Falk. “Exfoliative Cytology of the Human 

Mammary Gland and its Value in the Diagnosis of Cancer and Other Diseases of the Breast”. Cancer, Vol. 

11, Issue 2, pp 377-409, 1958. 
13. G. M. Cooper, The Cell: A Molecular Approach. 2nd edition. Sunderland (MA): Sinauer Associates; 2000. 

Cell Proliferation in Development and Differentiation. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK9906/  
14. N. Perrimon, C. Pitsouli, and B.-Z. Shilo, “Signaling Mechanisms Controlling Cell Fate and Embryonic 

Patterning”. CSH Perspect Biol,  Vol. 4, Issue 8, pp a005975, 2012. 

http://doi.org/10.1101/cshperspect.a005975  

15. M. Webster, K. L. Witkin, and O. Cohen-Fix, Sizing up the Nucleus: Nuclear Shape, Size and Nuclear-

envelope Assembly. J Cell Sci, Vol. 122, Issue 10, pp 1477-1486, 2009. http://doi.org/10.1242/jcs.037333 
16. Z. Yin, J. J. Hu, L. Yang, Z. F. Zheng, C. R. An, B. B. Wu, C. Zhang, W. L. Shen, H. H, Liu, J. L. Chen, B. C. 

Heng, G. J. Guo, X. Chen, and H. W. Ouyang. “Single-cell Analysis Reveals a Nestin+ Tendon 

Stem/Progenitor Cell Population with Strong Tenogenic Potentiality”. Sci Adv, Vol. 2, Issue 11, pp 

e1600874, 2016. doi: 10.1126/sciadv.1600874. 

http://doi.org/10.4103/2231-0770.83719
http://doi.org/10.1098/rsif.2006.0206
http://doi.org/10.3390/nu8050279
http://doi.org/10.1517/17460441.2012.693475
http://doi.org/10.1242/jcs.037333


Open Access Journal                                                                                                                                 

 

International Journal of Medical Research and Pharmaceutical Sciences 
Volume 4 (Issue 7): July 2017                                                                                         ISSN: 2394-9414 
DOI-  10.5281/zenodo.822761                                                                               Impact Factor- 3.109 

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/ 
 

 
11 

17. H. Tran Thi Nhu, E. Arrojo, R. Drigo, P.-O. Berggren, and T. Boudier, “A Novel Toolbox to Investigate 

Tissue Spatial Organization Applied to the Study of the Islets of Langerhans”. Sci Rep, Vol. 7, pp 44261, 

2017. http://doi.org/10.1038/srep44261  
18. L.A. Hanson, M. Korotkova, S. Lundin, L. Håversen, S.A. Silfverdal, I. Mattsby-Baltzer, B. Strandvik, and 

E. Telemo, “The Transfer of Immunity from Mother to Child”. Ann N Y Acad Sci, Vol.  987, pp 199-206, 

2003. 

19. F. Hassiotou, “The Cellular Hierarchy of Human Breastmilk: Novel Insights to Breastmilk Stem Cells”. 

PhD Thesis, The University of Western Australia, pp 1-286, 2012. 

20. K. Aoyama, K. Matsuoka, and T. Teshima, “Breastmilk and Transplantation Tolerance”. Chimerism, Vol 

1, issue 1, 19-20, 2010.  doi: 10.4161/chim.1.1. 11996  
21. A.-J. Twigger, A. R. Hepworth,  C. Tat Lai, E. Chetwynd, A. M.Stuebe, P. Blancafort, and F. Kakulas, 

“Gene Expression in Breastmilk Cells is Associated with Maternal and Infant Characteristics”. Sci Rep, 
Vol. 5, pp 12933, 2015. http://doi.org/10.1038/srep12933 

22. A. Cabinian, D. Sinsimer, M. Tang, O, Zumba, H. Mehta, A. Toma, D. S. Angelo, Y. Laouar, and A. 

Laouar, “Transfer of Maternal Immune Cells by Breastfeeding: Maternal Cytotoxic T Lymphocytes Present 

in Breastmilk Localize in the Peyer’s Patches of the Nursed Infant”. PLoS ONE, Vol 11, Issue 6, pp 

e0156762, 2016. doi:10.1371/journal.pone.0156762 

23. S. S. Crago, S.J. Prince, T.G. Pretlow, J. R. McGhee, and J. Mestecky, “Human Colostral Cells. I. 

Separation and Characterization”. Clin Exp Immunol, Vol. 38, Issue 3, 585-597, 1979. 
24. E. V. Gaffney, F. P. Polanowski, S. E. Blackburn, and J. P. Lambiase, “Origin, Concentration and 

Structural Features of Human Mammary Gland Cells Cultured from Breast Secretions”, Cell Tissue Res, 
Vol. 172, pp 269-279, 1976. 

25. C.S. Lee, A. K. Lascelles, “The Histological Changes in Involuting Mammary Glands of Ewes in Relation 

to the Local Allergic Response”, Aust  J Exp Biol  Med Sci, Vol. 47, Issue 5, 613-623, 1969. 

26. D. L Jensen, R.J. Eberhart, “ Macrophages in Bovine Milk”.  Am  J Vet Res,  Vol. 36, Issue 5, 619-624, 

1975.  
27. M. Boutinaud, H. Jammes. “Potential Uses of Milk Epithelial Cells: A Review”. Reprod Nutr Dev, Vol 42, 

Issue 2, pp 133-147, 2002. <10.1051/rnd:2002013>.<hal-00900346>3-147 

28. X. Hu, V. Laguerre, D. Packert, A. Nakasone, and L. Moscinski, “A Simple and Efficient Method for 
Preparing Cell Slides and Staining without Using Cytocentrifuge and Cytoclips,” Int J Cell Biol, Vol. 2015, 

Article ID 813216, 4 pages, 2015. doi:10.1155/2015/813216 

29. U. I. Belgaumi,  P. Shetty, “Leishman Giemsa Cocktail as a New, Potentially Useful Cytological Technique 

Comparable to Papanicolaou Staining for Oral Cancer Diagnosis”. J Cytol, Vol. 30, Issue 1, pp 18-22, 

2013. doi:  10.4103/0970-9371.107507 

30. S. B. Khatau, C. M. Hale, P. J. Stewart-Hutchinson, M. S. Patel, C. L. Stewart, P.C. Searson, D. Hodzic, 

and D. A. Wirtz,  “A Perinuclear Actin Cap Regulates Nuclear Shape”. Proc Natl Acad Sci U S A, Vol. 

106, Issue 45, 19017-19022,  2009 . 

31. H. Xi, H. P. Shulha, J. M. Lin, T. R. Vales, Y. Fu, D. M. Bodine,4 R. D. G McKay, J. G. Chenoweth, P. J. 

Tesar, T. S. Furey, B. Ren,  Z. Weng, and G. E. Crawford, “Identification and Characterization of Cell 

Type–Specific and Ubiquitous Chromatin Regulatory Structures in the Human Genome”. PLoS Genet, Vol. 
3, Issue 8, pp e136, 2007. https://doi.org/10.1371/journal.pgen.0030136 

32. B. Alberts,  A. Johnson, J. Lewis, M. Raff, K. Roberts, and P. Walter. Molecular Biology of the Cell. 4th 

edition. New York: Garland Science; 2002. Lymphocytes and the Cellular Basis of Adaptive Immunity. 

Available from: https://www.ncbi.nlm.nih.gov/books/NBK26921/ 

33. T. Székely, K. Burrage, M. Mangel, and M. B. Bonsall, “Stochastic Dynamics of Interacting 

Haematopoietic Stem Cell Niche Lineages”. PLoS Comput Biol, Vol. 10, Issue 9, pp e10037942014, 

http://doi.org/10.1371/journal.pcbi.1003794 

34. F. Hassiotou, D. T. Geddes, and P. E. Hartmann, “Cells in Human Milk: State of the Science”. J Hum 

Lact, Vol. 29, Issue 2, 171-182, 2013. doi: 10.1177/0890334413477242.  

http://doi.org/10.1038/srep12933
http://doi.org/10.1371/journal.pcbi.1003794


Open Access Journal                                                                                                                                 

 

International Journal of Medical Research and Pharmaceutical Sciences 
Volume 4 (Issue 7): July 2017                                                                                         ISSN: 2394-9414 
DOI-  10.5281/zenodo.822761                                                                               Impact Factor- 3.109 

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/ 
 

 
12 

35. Parihar, T. D. Eubank, and A. I. Doseff, “Monocytes and Macrophages Regulate Immunity through 

Dynamic Networks of Survival and Cell Death”. J Innate Immun, Vol. 2, Issue 3, pp 204-215, 2010. 

http://doi.org/10.1159/000296507  
36. P. Italiani, D. Boraschi, “From Monocytes to M1/M2 Macrophages: Phenotypical vs. Functional 

Differentiation”. Front Immunol, Vol.  5, Issue 514, 2014. http://doi.org/10.3389/fimmu.2014.00514 
37. B. M. Skinner, E. E. Johnson, “Nuclear Morphologies: their Diversity and Functional Relevance”. 

Chromosoma,  Vol. 126, Issue 2, 195-212, 2017. doi: 10.1007/s00412-016-0614-5.  

38. D. M. Mosser, J. P. Edwards,” Exploring the Full Spectrum of Macrophage Activation”. Nat Rev Immunol, 

Vol. 8, Issue 12, 958-969, 2008. doi: 10.1038/nri2448.  

39. R. Khanfer, Macrophages. Encyclopedia of Behavioral Medicine. Editors Marc D. Gellman and J. Rick 

Turner. pp 1183-1183, 2013. 

40. F. Ozkaragöz, H. B. Rudloff, S. Rajaraman, A. A. Mushtaha, F. C. Schmalstieg, and A. S. Goldman. “The 

Motility of Human Milk Macrophages in Collagen Gels”. Pediatr Res, Vol. 23, Issue 5, 449-452, 1988. 

41. L. G. Israels, E. D. Israels, “Lymphocytes”. Oncologist, Vol. 4, Issue 2, 129-137, 1999. 

42. N.B. Everett, W.D. Perkins,” Morphology and Kinetics of Lymphocytes”. Adv Exp  Biol  Med, Vol. 73, 

Issue  PT-A, pp 11-26, 1976. 

43. H. B. Sieburg, B. D. Rezner, and C. E. Muller-Sieburg, (2011). “Predicting Clonal Self-renewal and 
Extinction of Hematopoietic Stem Cells”. Proc Natl Acad Sci U S A, Vol. 108, Issue 11, 4370–4375. 

http://doi.org/10.1073/pnas.1011414108 

44. C. A. Janeway, P Travers, M Walport, and M. J. Shlomchik, “Immunobiology: The Immune System in 

Health and Disease”. 5th edition. New York: Garland Science; 2001. The components of the immune 

system. Available from: https://www.ncbi.nlm.nih.gov/books/NBK27092/ 

45. J. Palmblad, “The Role of Granulocytes in Inflammation”. Scand J Rheumatol,  Vol. 13, Issue 2, pp  163-

172, 1984. 

46. M. Capasso, “Proton Channels in Non-phagocytic Cells of the Immune System”. Wiley Interdiscip Rev 

Membr Transp Signal, Vol. 2, Issue 2, pp 65-73, 2013. doi:10.1002/wmts.78.  

47. D. Voehringer, “Protective and Pathological Roles of Mast cells and Basophils”. Nat. Rev. Immunol,  Vol. 

13, Issue 5, pp 362-375, 2013.| doi:10.1038/nri3427. 
48. H. Takizawa, “Eosinophils in Immediate Allergic Reactions”. Nihon Rinsho, Vol. 51, Issue 3, pp 664-668, 

1993.  

49. P. J. Cooper, (2009). “Interactions between Helminth Parasites and Allergy”. Curr Opin Allergy Clin 

Immuno, Vol. 9, Issue 1, pp 29-37. http://doi.org/10.1097/ACI.0b013e32831f44a6 

50. Y.-K. Chan, M.-H. Tsai, D.-C. Huang, Z.-H. Zheng, and  K.-D. Hung, “Leukocyte Nucleus Segmentation 

and Nucleus Lobe Counting”. BMC Bioinformatics, Vol. 11, pp 558, 2010. http://doi.org/10.1186/1471-

2105-11-558.  

51. K. Hoffmann, K. Sperling, A.L. Olins, and D. E. Olins, “The Granulocyte Nucleus and Lamin B Receptor: 

Avoiding the Ovoid”. Chromosoma, Vol. 116, Issue 3, 227-235, 2007. 

52. S. Yousefi, C. Mihalache,  E. Kozlowski E, I. Schmid, and H.U. Simon, “ Viable Neutrophils Release 

Mitochondrial DNA to Form Neutrophil Extracellular Traps”. Cell Death Differ, Vol.16, Issue 11, pp 

1438-1444, 2009. doi: 10.1038/cdd.2009.96.  
53. M. von Köckritz-Blickwede, O. Goldmann, P. Thulin, K. Heinemann, A. Norrby-Teglund, M. Rohde, and  E. 

Medina, “Phagocytosis-Independent Antimicrobial Activity of Mast cells by Means of Extracellular Trap 

Formation”. Blood,  Vol. 111, Issue 6, pp 3070-3080, 2008. doi: 10.1182/blood-2007-07-104018. 

54. S. Yousefi, J. A. Gold, N. Andina, J. J. Lee, A. M. Kelly, E. Kozlowski, I. Schmid, A. Straumann, J. 

Reichenbach, G. J. Gleich, and H. U. Simon, “Catapult-Like Release of Mitochondrial DNA by Eosinophils 

Contributes to Antibacterial Defense”. Nat Med,  Vol.14, Issue 9, pp 949-953, 2008. doi: 10.1038/nm.1855. 

55. O. A Chow, M. von Köckritz-Blickwede, A. T. Bright, M. E. Hensler, A.S. Zinkernagel, A. L. Cogen, R. L, 

Gallo, M. Monestier, Y. Wang, C. K. Glass, and V. Nizet. Statins Enhance Formation of Phagocyte 

http://doi.org/10.3389/fimmu.2014.00514
https://www.ncbi.nlm.nih.gov/books/NBK27092/
http://doi.org/10.1097/ACI.0b013e32831f44a6


Open Access Journal                                                                                                                                 

 

International Journal of Medical Research and Pharmaceutical Sciences 
Volume 4 (Issue 7): July 2017                                                                                         ISSN: 2394-9414 
DOI-  10.5281/zenodo.822761                                                                               Impact Factor- 3.109 

©International Journal of Medical Research and Pharmaceutical Sciences http://www.ijmprsjournal.com/ 
 

 
13 

Extracellular Traps. Cell Host Microbe, Vol. 8, Issue 5, pp 445-454, 2010. doi: 

10.1016/j.chom.2010.10.005. 

56. M. von Köckritz-Blickwede, and V. Nizet, Innate Immunity Turned Inside-out: Antimicrobial Defense by 

Phagocyte Extracellular Traps. J Mol Med (Berl), Vol. 87, Issue 8, pp 775-783, 2009.doi: 10.1007/s00109-

009-0481-0 
57. F. Rosenbauer, D. G. Tenen, “Transcription Factors in Myeloid Development: Balancing Differentiation 

with Transformation”.  Nat Rev Immunol,  Vol. 7, Issue 2, 105-117, 2007. 

58. G. Lee, J. Foerster, J. Lukens, F. Paraskevas, J. Greer, and G. Rogers, “Wintrobe’s Clinical Hematology”.  
10 edition. William and Wilkins, Baltimore; 1999. 

59. A.C. Rowat, D. E. Jaalouk, M. Zwerger, W.L. Ung, I. A. Eydelnant, D.E. Olins, A. L. Olins, H. Herrmann, 

D. A. Weitz, and J. Lammerding. “Nuclear Envelope Composition Determines the Ability of Neutrophil-

Type Cells to Passage through Micron-scale Constrictions”. J Biol Chem, Vol. 288, Issue 12, pp 8610-

8618, 2013. /doi/10.1074/jbc.M112.441535  

60. J. Lammerding, “Mechanics of the Nucleus. Comprehensive Physiology”. Vol. 1, Issue 2, pp 783-807, 

2011. http://doi.org/10.1002/cphy.c100038 

61. J.-W. Shin, K. R. Spinler, J. Swift, J. A. Chasis, N. Mohandas, and D. E. Discher, “Lamins Regulate Cell 

Trafficking and Lineage Maturation of Adult Human Hematopoietic Cells”. ”. Proc Natl Acad Sci U S A, 
Vol. 110, Issue 47, pp 18892–18897, 2013. http://doi.org/10.1073/pnas.1304996110. 

62. A. Taddei, F. Hediger, F.R. Neumann, C. Bauer, and S. M. Gasser, “Separation of Silencing from 

Perinuclear Anchoring Functions in Yeast Ku80, Sir4 and Esc1 Proteins”. EMBO J, Vol. 23, Issue 6, pp 

1301-1312, 2004. 

63. M.  Shapiro-Shelef,  K.  Calame. “Regulation of Plasma-Cell Development”. Nat Rev Immunol, Vol. 5, 

Issue 3, pp 230-242, 2005. 

64. B. E. Brooker, “The Epithelial Cells and Cell Fragments in Human Milk”. Cell Tissue Res, Vol. 210, Issue 

2, pp 321-332, 1980. 

65. W. W. Pang, P. E. Hartmann. “Initiation of Human Lactation: Secretory Differentiation and Secretory 

Activation”. J Mammary Gland Biol Neoplasia, Vol. 12, Issue 4, pp 211-221, 2007. 

66. T. Gudjonsson, M. C. Adriance, M. D. Sternlicht, O.W. Petersen, and M. J. Bissell, “Myoepithelial Cells: 
Their Origin and Function in Breast Morphogenesis and Neoplasia”. J Mammary Gland Biol Neoplasia, 

Vol. 10, Issue 3, pp 261–272, 2005. http://doi.org/10.1007/s10911-005-9586-4 

67. H. J. Baer, L. C. Collins, J. L. Connolly, G. A. Colditz, S.J. Schnitt, and R. M. Tamimi, “Lobule Type and 

Subsequent Breast Cancer Risk: Results from the Nurses' Health Studies”. Cancer, vol 115, issue 7, pp 

1404-11, 2009. doi: 10.1002/cncr.24167. 

68. M. Sopel, “The Myoepithelial Cell: its Role in Normal Mammary Glands and Breast Cancer”. Folia 

Morphol (Warsz), Vol. 69, Issue 1,pp 1-14, 2010. 

69. J. L, Linzell, "The Silver Staining of Myoepithelial Cells, Particularly in the Mammary Gland, and their 

Relation to the Ejection of Milk." J Anat, Vol.  86, Issue 1, 49-57, 1952. 

 

http://doi.org/10.1002/cphy.c100038
http://doi.org/10.1073/pnas.1304996110
http://doi.org/10.1007/s10911-005-9586-4

