Milk Exosomes

Subjects: Nutrition & Dietetics | Physiology | Immunology
Contributor: Sergey Sedykh

Milk contains various extracellular vesicles and non-vesicular structures: exosomes (with diameter 40-100 nm), vesicles of
other size, fat globules (with diameter 4-6 mkm, containing milk fat globule membranes), and their aggregates. Due to the
biocompatibility of milk exosomes, these vesicles have a wide potential as vehicles for oral delivery of therapeutically
relevant molecules (drugs and therapeutic nucleic acids).
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| 1. Introduction

Exosomes are natural extracellular nanovesicles that participate in intercellular communication by carrying biologically
active substances like proteins, microRNA, mRNA, DNA, and other molecules W[, The carried compounds can be
transported both inside and on the surface of exosomes Bl. Due to their small size (diameter 40—100 nm), exosomes are
promising delivery tools in personalized therapy . Because artificial exosome synthesis methods are not developed yet,
the urgent task is to effectively and safely obtain exosomes in mass quantities from natural sources. Tumor cell cultures
can hardly be considered as a promising source of vesicles for pharmacology applications. The exosome content is
shown in various biological fluids: blood plasma, urine, saliva, milk, amniotic fluid, ascites, cerebrospinal fluid, and others
(2. Among them, milk is the only biological liquid containing exosomes that is available on an industrial scale.

Human milk exosomes were first described in 2007. To date, exosomes have been isolated (chronologically) from human
Bl bovine €, porcine [, wallaby &, camel &, rat 19 horse 1, panda 12, yak 13l sheep 14, and goat milk 5.
Databases provide more than 100 articles on exosomes and other milk vesicles (more than half of them are on human
and cow milk vesicles). Large volumes of milk can be obtained from a cow and relatively large from horse, sheep, goat,

and camel. Due to possible prion content, bovine milk should not be considered a source of protein-containing structures
[26]

Milk exosomes are promising candidates in developing new therapeutic approaches to the treatment of various diseases,
including cancer. However, currently, there is only incomplete data in the literature on the use of milk vesicles, particularly
exosomes, to deliver biologically active molecules to cells 2. In the application of milk exosomes for cancer treatment,
two directions can be highlighted: the delivery of antitumor drugs & and therapeutic nucleic acids 2229, various side
effects occurring during the use of cytotoxic and cytostatic agents are unresolved problems of cancer chemotherapy 24,
Cells with a high mitotic index are most susceptible to the action of cytostatic agents; thus, the use of cytostatic drugs
leads to the death of not only the tumor cells but also cells of the bone marrow, skin, hair, epithelium of the gastrointestinal
tract, etc. (22, Targeted chemotherapeutic agent delivery can be a potential solution to the occurrence of toxic effects in
chemotherapy [423],

Because exosomes contain mRNA, microRNA, and proteins that may harm cells, some experts disagree that exosomes
(including milk exosomes) can be used as delivery vehicles. Analysis of literature data shows that many papers devoted to
the protein and nucleic components of exosomes may have overestimated the number of proteins and/or nucleic acid
molecules in exosomes due to contamination of the preparations with co-isolating molecules 24251 Therefore, it is
essential to analyze highly purified exosome preparations to identify biopolymers that are intrinsic components of
exosomes and the proteins and nucleic acids that co-isolate with exosomes. Exosomes can be used as drug delivery
systems, carrying the drugs of therapeutic nucleic acids on the surface or after “loading” of these components using
electroporation, sonication, or ligands on the surface of exosomes (28] Another method is the fusion of exosomes with
liposomes, loaded with necessary contents to form “chimeric” exosomes 22,



| 2. Isolation of Milk Exosomes

Various physical, physicochemical, and immunological approaches are used to isolate exosomes from milk. General
issues concerning the isolation and characterization of exosomes are described in the guidelines of the International
Society for Extracellular Vesicles 2829 Because the volume of milk obtained from single humans or animals may vary
from milliliters to liters, the general protocol W of exosome isolation from milk samples usually starts with a series of
centrifugations [€: first, several sequential centrifugations at low speed of 600—1000x g to defat the milk and precipitate
the cells, then 10,000-16,000% g to precipitate milk proteins, followed by one or several ultracentrifugations at 100,000—
200,000x g B9 o isolate the exosomes. Some protocols include the stage of ultracentrifugation in the sucrose density
gradient (311,

Patented and commercially available sets of reagents using volume-excluding polymers are also used: for example,
ExoQuick (System Biosciences, Palo Alto, CA, USA)—contains PEG 8000 kDa; Total Exosome Isolation (Thermo Fisher
Scientific, Waltham, MA, USA)—includes dextrans, polyethylene glycol, polyvinyl with a molecular weight above 1000
kDa, and their combinations with other methods 2. Different exosome isolation methods include filtration through a
semipermeable membrane and isolation on immunomagnetic particles 4.

One- or two-time centrifugation of milk at low speeds before subsequent optional storage of milk plasma preliminary to
exosome isolation is considered fundamental, as described in many protocols, for example, B9, Because the composition
of nucleic acids, proteins B3, and lipids 24 of milk exosomes and milk fat globule membrane (MFGM) in various articles
often coincides, it cannot be excluded that storage of nondefatted milk samples leads to contamination of exosome
preparations with MFGM. Refrigeration of nondefatted milk samples may lead to exosomes sticking to MFGM, resulting in
further MFGM contamination of the exosome samples obtained.

Exosome preparations isolated by centrifugation and ultracentrifugation from blood plasma, urine, milk, lacrimal, and cell
culture fluid usually contain “nonvesicles” with 20—100 nm diameter. These “nonvesicles” are morphologically attributed to
intermediate- and low-density lipoproteins (20—40 nm) and very low-density (40-100 nm) lipoproteins B2, These have a
different structure according to transmission electron microscopy and should not be confused with exosomes.

The possibility of exosome isolation using gel filtration after or instead of ultracentrifugation 28 has been shown for human
871 povine (8, and horse milk. Because the gel filtration allows us to effectively separate sample volumes that do not
exceed 1-5% of the column volume, this method is not suitable for isolating exosomes directly from large amounts of milk.
Gel filtration allows purifying the sample from co-isolating proteins in preparations obtained after ultrafiltration and/or
ultracentrifugation. Our data suggest that sequential centrifugations and ultracentrifugations followed by the ultrafiltration
throw 0.22 um filter are not enough to get purified exosomes 2. Moreover, gel filtration of sediments obtained by
ultracentrifugation results in exosome preparations without admixtures of co-isolating proteins (L1,

References

1. Cintio, M.; Polacchini, G.; Scarsella, E.; Montanari, T.; Stefanon, B.; Colitti, M. MicroRNA Milk Exosomes: From Cellular
Regulator to Genomic Marker. Animals 2020, 10, 1126, doi:10.3390/ani10071126.

2. Colombo, M.; Raposo, G.; Théry, C. Biogenesis, Secretion, and Intercellular Interactions of Exosomes and Other
Extracellular Vesicles. Annu. Rev. Cell Dev. Biol 2014, 30, 255-89, doi:10.1146/annurev-cellbio-101512-122326.

3. Sawada, S.l.; Sato, Y.T.; Kawasaki, R.; Yasuoka, J.I.; Mizuta, R.; Sasaki, Y.; Akiyoshi, K. Nanogel hybrid assembly for
exosome intracellular delivery: Effects on endocytosis and fusion by exosome surface polymer engineering. Biomater.
Sci. 2020, 8, 619-630, doi:10.1039/c9bm01232j.

4. Bunggulawa, E.J.; Wang, W.; Yin, T.; Wang, N.; Durkan, C.; Wang, Y.; Wang, G. Recent advancements in the use of
exosomes as drug delivery systems. J. Nanobiotechnology 2018, 16, 81, doi:10.1186/s12951-018-0403-9.

5. Admyre, C.; Johansson, S.M.; Qazi, K.R.; Filén, J.-J.; Lahesmaa, R.; Norman, M.; Neve, E.P.A.; Scheynius, A.;
Gabrielsson, S. Exosomes with immune modulatory features are present in human breast milk. J. Immunol. 2007, 179,
1969-1978, doi:10.4049/jimmunol.179.3.1969.

6. Yamada, T.; Inoshima, VY.; Matsuda, T.; Ishiguro, N. Comparison of methods for isolating exosomes from bovine milk. J.
Vet. Med. Sci. 2012, 74, 1523-1525, d0i:10.1292/jvms.12-0032.

7. Gu, Y.; Li, M.; Wang, T.; Liang, Y.; Zhong, Z.; Wang, X.; Zhou, Q.; Chen, L.; Lang, Q.; He, Z.; et al. Lactation-related
microRNA expression profiles of porcine breast milk exosomes. PLoS One 2012, 7, doi:10.1371/journal.pone.0043691.



8. Modepalli, V.; Kumar, A.; Hinds, L.A.; Sharp, J.A.; Nicholas, K.R.; Lefevre, C. Differential temporal expression of milk
miRNA during the lactation cycle of the marsupial tammar wallaby (Macropus eugenii). BMC Genomics 2014, 15, 1012,
doi:10.1186/1471-2164-15-1012.

9. Yassin, A.M.; Abdel Hamid, M.I.; Farid, O.A.; Amer, H.; Warda, M. Dromedary milk exosomes as mammary
transcriptome nano-vehicle: Their isolation, vesicular and phospholipidomic characterizations. J. Adv. Res. 2016, 7,
749-756, doi:10.1016/j.jare.2015.10.003.

10. Hock, A.; Miyake, H.; Li, B.; Lee, C.; Ermini, L.; Koike, Y.; Chen, Y.; Maattanen, P.; Zani, A.; Pierro, A. Breast milk-
derived exosomes promote intestinal epithelial cell growth. J. Pediatr. Surg. 2017, 52, 755-759,
doi:10.1016/}.jpedsurg.2017.01.032.

11. Sedykh, S.E.; Purvinish, L.V.; Monogarov, A.S.; Burkova, E.E.; Grigor'eva, A.E.; Bulgakov, D.V.; Dmitrenok, P.S.;
Vlassov, V.V.; Ryabchikova, E.I.; Nevinsky, G.A. Purified horse milk exosomes contain an unpredictable small number
of major proteins. Biochim. Open 2017, 4, 61-72, doi:10.1016/j.biopen.2017.02.004.

12. Ma, J.; Wang, C.; Long, K.; Zhang, H.; Zhang, J.; Jin, L.; Tang, Q.; Jiang, A.; Wang, X.; Tian, S.; et al. Exosomal
microRNAs in giant panda (Ailuropoda melanoleuca) breast milk: Potential maternal regulators for the development of
newborn cubs. Sci. Rep. 2017, 7, 1-11, doi:10.1038/s41598-017-03707-8.

13. Gao, H.N.; Guo, H.Y.; Zhang, H.; Xie, X.L.; Wen, P.C.; Ren, F.Z. Yak milk-derived exosomes promote proliferation of
intestinal epithelial cells in hypoxic environment. J. Dairy Sci. 2018.

14. Quan, S.; Nan, X.; Wang, K.; Jiang, L.; Yao, J.; Xiong, B. Characterization of sheep milk extracellular vesicle-miRNA by
sequencing and comparison with cow milk. Animals 2020, 10, doi:10.3390/ani10020331.

15. Gonzélez, M.1.; Martin-Duque, P.; Desco, M.; Salinas, B. Radioactive Labeling of Milk-Derived Exosomes with 99mTc
and In Vivo Tracking by SPECT Imaging. Nanomaterials 2020, 10, 1062, doi:10.3390/nan010061062.

16. Franscini, N.; El Gedaily, A.; Matthey, U.; Franitza, S.; Sy, M.S.; Birkle, A.; Groschup, M.; Braun, U.; Zahn, R. Prion
protein in milk. PLoS One 2006, 1, e71, doi:10.1371/journal.pone.0000071.

17. Agrawal, A.K.; Agil, F.; Jeyabalan, J.; Spencer, W.A.; Beck, J.; Gachuki, B.W.; Alhakeem, S.S.; Oben, K.; Munagala, R.;
Bondada, S.; et al. Milk-derived exosomes for oral delivery of paclitaxel. Nanomedicine Nanotechnology, Biol. Med.
2017, 13, 1627-1636, doi:10.1016/j.nan0.2017.03.001.

18. Munagala, R.; Aqil, F.; Jeyabalan, J.; Gupta, R.C. Bovine milk-derived exosomes for drug delivery. Cancer Lett. 2016,
371, 48-61, doi:10.1016/j.canlet.2015.10.020.

19. Matsuda, A.; Patel, T. Milk-derived Extracellular Vesicles for Therapeutic Delivery of Small Interfering RNAs. In
Methods in molecular biology; Humana Press: New York, NY, USA, 2018; Vol. 1740, pp. 187-197 ISBN
9781493976522.

20. Aqil, F.; Munagala, R.; Jeyabalan, J.; Agrawal, A.K.; Kyakulaga, A.H.; Wilcher, S.A.; Gupta, R.C. Milk exosomes -
Natural nanoparticles for siRNA delivery. Cancer Lett. 2019, 449, 186-195, doi:10.1016/j.canlet.2019.02.011.

21. Wheate, N.J.; Walker, S.; Craig, G.E.; Oun, R. The status of platinum anticancer drugs in the clinic and in clinical trials.
Dalt. Trans. 2010, 39, 8113, doi:10.1039/c0dt00292e.

22. Schirrmacher, V. From chemotherapy to biological therapy: A review of novel concepts to reduce the side effects of
systemic cancer treatment (Review). Int. J. Oncol. 2019, 54, 407-419, doi:10.3892/ij0.2018.4661.

23. Saari, H.; Lazaro-lbafiez, E.; Viitala, T.; Vuorimaa-Laukkanen, E.; Siljander, P.; Yliperttula, M. Microvesicle- and
exosome-mediated drug delivery enhances the cytotoxicity of Paclitaxel in autologous prostate cancer cells. J. Control.
Release 2015, 220, 727-737, doi:10.1016/j.jconrel.2015.09.031.

24. Burkova, E.E.; Grigor'eva, A.E.; Bulgakov, D. V.; Dmitrenok, P.S.; Vlassov, V. V.; Ryabchikova, E.l.; Sedykh, S.E.;
Nevinsky, G.A. Extra Purified Exosomes from Human Placenta Contain an Unpredictable Small Number of Different
Major Proteins. Int. J. Mol. Sci. 2019, 20, 2434, doi:10.3390/ijms20102434.

25. Sverdlov, E.D. Amedeo Avogadro’s cry: What is 1 pg of exosomes? BioEssays 2012, 34, 873-875,
doi:10.1002/bies.201200045.

26. Antimisiaris, S.G.; Mourtas, S.; Marazioti, A. Exosomes and Exosome-Inspired Vesicles for Targeted Drug Delivery.
2018, doi:10.3390/pharmaceutics10040218.

27. Sato, Y.T.; Umezaki, K.; Sawada, S.; Mukai, S.A.; Sasaki, Y.; Harada, N.; Shiku, H.; Akiyoshi, K. Engineering hybrid
exosomes by membrane fusion with liposomes. Sci. Rep. 2016, 6, 1-11, doi:10.1038/srep21933.

28. Lotvall, J.; Hill, A.F.; Hochberg, F.; Buzés, E.l.; Di Vizio, D.; Gardiner, C.; Gho, Y.S.; Kurochkin, I. V; Mathivanan, S.;
Quesenberry, P.; et al. Minimal experimental requirements for definition of extracellular vesicles and their functions: a



29.

30

31.

32.

33.

34.

35.

36.

37.

38.

39.

position statement from the International Society for Extracellular Vesicles. J. Extracell. vesicles 2014, 1, 1-6,
doi:10.3402/jev.v3.26913.

Théry, C.; Witwer, K.W.; Aikawa, E.; Alcaraz, M.J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer,
F.; Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a position
statement of the International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell.
Vesicles 2019, 8, doi:10.1080/20013078.2018.1535750.

. Zonneveld, M.l.; Brisson, A.R.; van Herwijnen, M.J.C.; Tan, S.; van de Lest, C.H.A.; Redegeld, F.A.; Garssen, J.;

Wauben, M.H.M.; Nolte-'t Hoen, E.N.M. Recovery of extracellular vesicles from human breast milk is influenced by
sample collection and vesicle isolation procedures. J. Extracell. Vesicles 2014, 3, 24215, doi:10.3402/jev.v3.24215.

Yamauchi, M.; Shimizu, K.; Rahman, M.; Ishikawa, H.; Takase, H.; Ugawa, S.; Okada, A.; Inoshima, Y. Efficient method
for isolation of exosomes from raw bovine milk. Drug Dev. Ind. Pharm. 2019, 45, 359-364,
doi:10.1080/03639045.2018.1539743.

Rider, M.A.; Hurwitz, S.N.; Meckes, D.G. ExtraPEG: A Polyethylene Glycol-Based Method for Enrichment of
Extracellular Vesicles. Sci. Rep. 2016, 6, 23978, do0i:10.1038/srep23978.

Yang, M.; Cong, M.; Peng, X.; Wu, J.; Wu, R.; Liu, B.; Ye, W.; Yue, X. Quantitative proteomic analysis of milk fat globule
membrane (MFGM) proteins in human and bovine colostrum and mature milk samples through iTRAQ labeling. Food
Funct. 2016, 7, 2438-2450, doi:10.1039/C6FO00083E.

Arranz, E.; Corredig, M. Invited review: Milk phospholipid vesicles, their colloidal properties, and potential as delivery
vehicles for bioactive molecules. J. Dairy Sci. 2017, 100, 4213-4222, doi:10.3168/jds.2016-12236.

Grigor’eva, A.E.; Dyrkheeva, N.S.; Bryzgunova, O.E.; Tamkovich, S.N.; Chelobanov, B.P.; Ryabchikova, E.I.
[Contamination of exosome preparations, isolated from biological fluids]. Biomed. Khim. 2017, 63, 91-96,
doi:10.18097/PBMC2017630191.

Blans, K.; Hansen, M.S.; Sgrensen, L. V.; Hvam, M.L.; Howard, K.A.; Méller, A.; Wiking, L.; Larsen, L.B.; Rasmussen,
J.T. Pellet-free isolation of human and bovine milk extracellular vesicles by size-exclusion chromatography. J. Extracell.
Vesicles 2017, 6, 1294340, doi:10.1080/20013078.2017.1294340.

Vaswani, K.; Mitchell, M.D.; Holland, O.J.; Qin Koh, Y.; Hill, R.J.; Harb, T.; Davies, P.S.W.; Peiris, H. A Method for the
Isolation of Exosomes from Human and Bovine Milk. J. Nutr. Metab. 2019, 2019, 1-6, doi:10.1155/2019/5764740.

Vaswani, K.; Koh, Y.Q.; Alimughllig, F.B.; Peiris, H.N.; Mitchell, M.D. A method for the isolation and enrichment of
purified bovine milk exosomes. Reprod. Biol. 2017, 17, 341-348, doi:10.1016/j.repbio.2017.09.007.

Sedykh, S.E.; Burkova, E.E.; Purvinsh, L.V.; Klemeshova, D.A.; Ryabchikova, E.I.; Nevinsky, G.A. Milk Exosomes:
Isolation, Biochemistry, Morphology, and Perspectives of Use. In Extracellular Vesicles and Their Importance in Human
Health; IntechOpen; Rijeka, Croatia, 2020.

Retrieved from https://encyclopedia.pub/entry/history/show/4900



