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MILK PRODUCT COMPOSITIONS
CROSS-REFERENCE

HHUIY This application claims the benefit of priority from U 8. Provisional Application No.
63/030,149 filed on May 26, 2020, U.S. Provisional Application No. 63/200,480 filed on March 9,
2021, and U.S. Application No. 17/301,216 filed on March 29, 2021, the contents of each are

incorporated herein by reference in their entireties,
SEQUENCE LISTING

{0002} The instant application contains a Sequence Listing which has been submitted in ASCH

format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on May 24,

FIELD

[0603] This disclosure relates to milk product compositions that comprise protein, lipid, and
oligosaccharide components and component concentrations that mimic human breast milk as
produced by a lactating female, which milk compositions are produced i vitro and/or ex vive from

cultured maromwary cells,
BACKGROUND

{6004 Milk is a staple of the human diet, both during infancy and throughout life. The American
Academy of Pediatrics and World Health Organization recommend that infants be exclusively
breastfed for the first & months of life, and consumption of dairy beyond infancy is a mainstay of
human nutrition, representing a 700 billion dollar industry worldwide. However, lactation is a
physiclogically demanding and metabolically intensive process that can present biclogical and
practical challenges for breastfeeding mothers, and milk production is associated with

environmental, social, and animal welfare impacts in agricultural contexis.

{8003} The possibility of using mammalian cell culture to produce food has gaived increasing
interest in recent years, with the development of several successful prototypes of meat and sea food
products from cultured muscle and fat cells (Stephens et al. 2018 Trends Food Sci Technol. 78155~
166). Additionally, efforts are underway to commercialize the production of egg and milk proteins
using microbial expression systems. However, this fermentation-based process relies on the
genetically engineered expression and purification of individual components and is unable to

reproduce the full wmolecular profile of milk or dairy.

SUMMARY OF THE DISCLOSURE
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{8086} Disclosed herein, in certain emboduments, are methods of producing an isolated cultured milk
product from mammary cells, the methods comprising: (a) culturing a cell construct in a bioreactor
under conditions which produce the cultured milk product, said cell construct comprising: (i) a three-
dimensional scaffold baving an exterior surface, an interior surface defining an interior cavity, and a
plurality of pores extending from the interior surface to the exterior surface; (i} a matrix material
disposed on the exterior surface of the three-dimensional scaffold; (ii1) a culture media disposed
within the interior cavity and in fluidic contact with the internal surface; (iv) a plurality of plasma
cells disposed on the matrix material; and (v) a confluent monolayer of polarized mammary cells
disposed on the plurality of plasma cells, wherein the mammary cells are selected from the group
consisting of . mammary epithelial cells, mammary myoepithelial cells, and mammary progenitor
cells, wherein the polarized mammary cells comprise an apical surface and a basal surface; and (b)
isolating the cultured milk product. In some embodiments, the monolayer of polarized mammary
cells is at least 70% confluent, at least 80% confluent, at least 90% confluent, at least 95% confluent,
at least 99% confluent, or 100% confluent. In some embodiments, at least 70%, at feast 80%, at least
90%, at least 95%, at least 99%, or 100% of the mammary cells are polarized in the same
orientation. In some embodiments, the cultured milk product comprises secretory IgA (sIgA). In
some embodiments, the bioreactor comprises an apical compartment that is substastially isolated
from the tnternal cavity of the cell construct. In some embodiments, the basal surface of the
mammary cells is in fluidic contact with the culture media. In some embodiments, the apical
compartment 18 n fluidic contact with the apical surface of the mamrary cells. In some
embodiments, the cultured milk product is secreted from the apical surface of the mammary cells
into the apical compartment. In some embodiments, the culture media substantially does not contact
the cultured milk product. In some embodiments, total cell density of mammary celis within the
bioreactor is at least 10'!; and alternatively wherein total surface area of mammary cells within the
bioreactor is at least 1.5 m®. In some embodiments, total cell density of plasma cells in the bioreactor
is about 200 to SO0 plasma cells per mm?. In sorve embodiments, the culturing is carried out at a
temperature of about 27°C 1o about 39°C. In some embodiments, the culturing is carried out at an

atmospheric concentration of CO? of about 4% to about 6%.

{0087} Disclosed herein, in certain embodiments, are cell constructs, comprising: (a} a three
dimensional scaffold having an exterior surface, an interior surface defining an interior cavity/basal
chamber, and a plurality of pores extending from the interior surface to the exterior surface; (b} a
mairix material disposed on the exterior surface of the three-dimensional scaffold; (¢} a culture
media disposed within the interior cavity/basal chamber and in fluidic contact with the internal
surface; {d} a plurality of plasma cells disposed on the matrix material; and (e} an at least 70%
confluent monolaver of polarized mammary cells disposed on the plurality of plasma cells, wherein
the mammary cells are selected from the group consisting of: maramary epithelial cells, mammary

myoepithelial cells, and mammary progenitor cells. In some embodiments, the polarized mammary
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cells comprise an apical surface and a basal surface. In some embodiments, the basal surface of the
mammary cells is in fluidic contact with the culture media. In some embodiments, at least 70%, at
teast 80%, at feast 90%, at least 95%, at least 99%, or 100% of the mammary cells are polarized in
the same orientation. In some embodirvents, the monolayer of polarized wwammary cells is at least

70% confluent, at least 80% confluent, at least 90% confluent, at least 95% confluent, at least 99%
confluent, or 100% confluent. In some embodiments, the mammary cells comprise a constitutively
active prolactin receptor protein. In some embodiments, the culture medium comprises prolactin,

j0608] Disclosed herein, in certain embodiments, are cultured milk products, comprising: Beta-
casein, Alpha-lactatbumin, Kappa-casein, Alpha-Si-casein, Lactoferrin, Lactadherin, Lysozyme,
C12:0 (lauric acid), C14:0 {myristic acid}, C16:0 (palmitic acid}, Lactose, Glucose, 37-8SL, and 6'-
SL; wherein the composition does not comprise or i3 substantially free of persistent orgauic
poltutants (POPs), heavy metals, prescription drugs, recreational drugs, allergens, cells, hormones, or
virus; provided that the composition may comprise 2 human mammary epithelial cell (hMEC)ora
plasma cell (PC). In some embodiments, a cultured milk product disclosed herein further comprises:
C18:2n-6 (linoleic acid, LA), C18:30-3 (alpha-linolenic acid, ALA), Butrophilin, Osteopontin,
Mucin-4, Mucin-1, C8:0 {caprvlic acid}, C10:0 (capric acid), C13:0 {tridecylic acid C16:1
{palmitoleic acid), C20:3n-6 (dihomo-gama-linolenic acid, DGLA)Y, C20:40-6 (arachadonic acid,
AA}, C20:5n-3 {eicosopentanoic acid, EPA)Y, C22:6n-3 (docosahexaenoic acid, DHA), C22:1n9
{eruic acid}, C24:1 {nervonic acid}), ENT, or LNnT. In some embodiments, a cultured milk product
disclosed herein further comprises at least one oxylipin metabolite of a polyunsaturated fatty acid or
at least one endocanabinoid. In some embodiments, the oxylipin metabolite is 9-
hydroxyoctadecadienoic acid (9-HODE}; 13-hydroxyoctadecadienoic acid (13-HODE); 5,15-
dihydroxyeicosatetraenoic acid (5,15-DiHETE); 17, 18-dihydroxyeicosatetraenoic acid {17,18-
DiHETE); 8,9-Dihydroxyicosatriencic acid (8,9-DiHETrE); 11,12-Dihydroxyicosatrienoic acid
{11,12-DiHETrE), 9,10-dihydroxyoctadecenoic acid (9,10-DiIHOME); 12,13-dihydroxyoctadecenoic
acid (12,13-DiHOME); 14(1S}-epoxyeicosatrienoic acid (14(15)-EpETre); 19(20})-
epoxydocosapentanoic acid {19(20)-EpDPE); 17-hydroxydocosahexaencic acid (17-HDoHE); 5-
hydroxyeicosatetraenoic acid (S-HETE); 8-hydroxyeicosatetraenoic acid (8-HETE); -
hydroxyeicosatetraenoic acid (9-HETE); 11-hydroxyeicosatetraenoic acid (11-HETE}; 12-
hydroxyeicosatetraenoic acid (12-HETE); 9-hydroxyoctadecatrienoic acid (3-HOTrE), 9-oxo-
octadecadienoic acid (9-ox0-ODE}; or 13-oxo-octadecadienoic acid (13-ox0-0ODE); 17,18~
epoxyeicosatetraenoic acid (17(18-EpETE; 6-Keto-prostaglandin Flalpha (6-keto-PGF 1a); or
15{S)-Hydroxyeicosatrienoic acid (1 5(8}-HETrE). In some embodiments, the endocannabinoid is
anandamide or 2-arachidonoyiglycerol (2-AG). In some embodiments, a cultured milk product
disclosed herein further comprises secretory 1gA (slgA). In some embodiments, the cultured milk
product does not comprise or 18 substantially free of persistent organic poliutants (POPs). In some
embodiments, the cultured milk product does not comprise or is substaniially free of polychlorinated
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dibenzo-p-dioxins (PCDDs), polychlorinated dibenzoturans (PCDFs), polychiorinated biphenyls
{PCBs}) and pesticides. In some embodiments, the cultured mitk product does not comprise or is
substantially free of BDT. In some embodiments, the cultured milk product does not comprise or is
substantially free of heavy metals. In some embodiments, the cultured milk product does not
comprise or is substantially free of mercury, lead, arsenic, cadmium, nickel, chromium, cobalt, or
zine. In some embodiments, the cultured milk product does not comprise or is substantially free of
pharmaceutical or recreational drugs. In some embodiments, the cultured milk product does not
comprise or 1s substantially free of chemotherapeutics, antidepressants, or anti-anxiety medications.
in some embodiments, the cultured milk product does not comprise or is substantially free of
benzodiazepines. In some embodiments, the cultured milk product does not comprise or is
substantially free of lithium, carbamazepine, chlorpromazine, and clozapine. In some embodinents,
the cultured milk product does not comprise or is substantially free of alcohol, cannabis, opioids,
phencyclidine, or cocaine. In some embodiments, the cultured milk product does not comprise or is
substantially free of allergens. In some embodiments, the cultured milk product does not comprise or
is substantially free of ovomucoid, ovalbumin, conalbumin, arachin 6, arachin 3, conarachin, Arahl,
and arachin Arah2. In some embodiments, the cultured milk product does not comprise or is
substantially free of human stem cells, human timmune cells, or bacterial cells, provided that the
cultured milk product comprises one or more human mammary epithelial cells (HMECs) or plasma
cells (PCs). In some embodiments, the cultured milk product does not comprise or 18 substantially
free of myoepithelial cells, myeloid precursor cells, neutrophils, granulocytes, or T cells. In some
embodiments, the cultured milk product does not comprise or is substantially free of
Staphylococcus, Acinetobacter, Streptococcus, Pseudomonas, Lactococcus, Enterococcus or
Lactobacillug. In some embodiments, the cultured milk product does not comprise or is substantially
free of virus. [n some embodiments, the cultured milk product does not comprise or is substantially
free of hepatitis B virus, hepatitis C virus, cytomegalovirus, West Nile virus, human T-cell
tymphotrophic virus, and human immunodeficiency virus. fo somwe embodiments, the cultured itk
product dogs not comprise or is substantially free of hormones. In some embodiments, the cultured
mitk product does not comprise or is substantially free of leptin, ghrelin, adiponectin, thyroxine (T4},
tritodothyronine (T3) thyroid-stimulating hormone (TSH), epidermal growth factor, beta-endorphin,

relaxin, cortisol, or erythropoietin.

{6009} Disclosed herein, in certain embodiments, are cultured milk products, comprising: Beta-
casein; Alpha-lactalbumin; Kappa-casein; Alpha-S1-casein; Lactofersin; Butrophilin; Osteopontin;
Lactadherin, Lysozyme; Mucin-4; Mucin-1; C8:0 (caprylic acid); C10:0 (capric acid); C12:0 (lauric
acid}, C13:0 (ridecylic acid), C14:0 (myristic acid); C16:0 (palmitic acid), C16:1 {palmitoleic acid);
C18:2n-6 (linoleic acid, LAY, C18;3n-3 (alpha-linolenic acid, ALAY, C20:3n-6 (dihomo-gama-
tinolenic acid, DGLAY, C20:4n-6 (arachadonic acid, AA); C20:5n-3 (eicosopentanoic acid, EPAY;

22:60-3 {docosahexaenocic acid, DHAY, €22:109 {eruic acid); €24:1 {(nervonic acid); Lactose;
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Glucose; 3°-8L; 6°-SL; LNT; LNaT, 9-hydroxyoctadecadienoic acid (3-HODE); 13-
hydroxyoctadecadienoic acid (13-HODE), S, 15-dihydroxyeicosatetraenoic acid (5,1 5-DiHETE);
17,18-dihydroxyeicosatetraenoic acid (17, 18-DiHETE), 8,9-Dihydroxyicosatrienoic acid (8,9-
DiHETE); 11,12-Bihydroxyicosatrienoic acid (11, 12-DiHETrE); 9,10-dihydroxyoctadecenoic acid
{2,10-DiHOME)}, 12,13-dibydroxyoctadecenoic acid {12,13-DiHOME), 14(15)-epoxyeicosairienoic
acid (14(15)-EpETre}); 19(20)-epoxvdocosapentancic acid (19Q20)-EpDPE); 17-
hydroxydocosahexaenoic acid (17-HDoHE), S-hydroxyeicosatetraenoic acid (S-HETE); §-
hydroxyeicosatetraenoic acid (8-HETE); 9-hydroxyeicosatetraenoic acid (3-HETE); 11-
hydroxyeicosatetraencic acid (11-HETE); 12-hydroxyeicosatetraenoic acid {(12-HETE); 9-
hydroxyoctadecatrienoic acid (3-HOTrE); 9-oxo-octadecadiencic acid (9-0x0-0ODE); or 13-0x0-
octadecadienoic acid {13-ox0-ODBE}, 17,18-epoxyeicosatetraenoic acid (17(18)-EpETE; 6-Keto-
prostaglandin Flalpha (6-keto-PGF1a); or 15(S)-Hydroxyeicosatrienocic actd (15(85)-HETrE); and
sigA; wherein the composition does not comprise or 1s substantially free of persistent organic
pollutants (POPs), heavy metals, prescription drugs, recreational drugs, allergens, cells, hormones, or
virus; provided that the composition may comprise human mammary epithelial cells or plasma cells.

{6010} In some embodiments, a cultured milk product disclosed herein further comprises a
preservative, stabilizer, antioxidant, emulsifier, or thickener. In some embodiments, a cultured milk
product disclosed herein further comprises fecithin. In some embodiments, a cultured milk product
disclosed herein further comprises carrageenan. In some embodiments, a cultured milk product
disclosed herein further comprises beta carotene. In some embodiments, a cultured milk product
disclosed herein further comprises vitamin E. In some embodiments, a cultured milk product
disclosed herein further comprises ascorbyl palmitate or ascorbic acid. In some embodiments, a
cultured milk product disclosed herein further comprises lecithin, ascorbyl palmaitate and vitamin E.
in some embodiments, a cultured milk product disclosed herein is dehydrated, freeze-dried, or

frozen. In some embodiments, a cultured mitk product disclosed herein is food-grade.

10011} Disclosed herein, in certain embodiments, are methods of feeding a subject in need thereof,
comprising administering to the subject a cultured milk product disclosed herein. In some
embodiments, the subject (s a human. In some embodiments, the human subject is an infant. In some
embodiments, the human subject is immuno-compromised. fn some embodiments, the human
subject has a disease selected from: severe combined immunodeficiency (SCID), HIV/AIDS a
cancer, or an autoimmune disease. In some embodiments, the human subject has lupus or diabetes
(for example, Type I diabetes or Type I diabetes). In some embodiments, the human subject is an
organ or bone marrow transplant recipient. In some embodiments, the human subject is
maluvourished. Tn some embodiments, the human subject has malsbsorption syudrome. In some
embodiments, the human subject has wasting syndrome. In some embodiments, the human subject is

geriatric.
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{6012} Disclosed herein, in certain embodiments, are methods of treating or preventing a microbial
infection in a subject in need thereof, comprising administering to the subject a cultured milk
product disclosed herein. [n some embodiments, the infection is a bacterial infection, fungal
infection or parasitic infection. In some embodiments, the bacterial infection ts an infection of E.
coli, Streptococcus pngumoniae, Moraxella catarrhalis, Staphyiococcus aureus, Streptococcus
pyogenes, Salmonella, Shigella, Campvlobacter, Staphylococcus aureus, Helicobacter pylori, C.
difficile, or Vibrio cholerae. In some ervbodiments, the parasitic infection 1s an infection of Giardia
famblia, Entamoeba histolytica, Cryptosporidium spp., or Cystoisospora bellt. In some embodiments,
the fungal infection is an infection of Aspergillus, Cryptococcus, or Pneumocystis jirovecii. In some
embodiments, the microbial infection is a gastrointestinal infection. In some embodiments, the
gastrointestinal infection is gastroenteritis. In some embodiments, the microbial infection is
Candidiasis.

{0013} Disclosed herein, in certain embodiments, are methods of producing sigA from mammary
cells, the method comprising: {(a) culturing a cell construct in a bioreactor under conditions which
produce a cultured milk product, said cell construct comprising. (i} a three-dimensional scaffold
having an exterior surface, an interior surface defining an interior cavity, and a plurality of pores
extending from the interior surface to the exterior surface; (it} a matrix material disposed on the
cavity and in fluidic contact with the internal surface; (iv) a plurality of plasma cells disposed on the
matrix material; and (v} a confluent monolayer of polarized mammary cells disposed on the plurality
of plasma cells, wherein the mammary cells are selected from the group consisting of mammary
epithelial cells, mammary myoepithelial cells, and mammary progenitor cells, wherein the polarized
mammary cells comprise an apical surface and a basal surface; and (b) isolating the sIgA from the
cultured milk product. In some embodiments, the movolayer of polatized mammary cells is at Jeast
70% confluent, at least 80% confluent, at least 90% confluent, at least 95% confluent, at least 99%
confluent, or 100% confluent. In some embodiments, at least 70%, at least 80%, at least 90%, at
least 95%, at least 99%, or 100% of the roammary cells are polarized in the same orientation. In
some embodiments, the cultured milk product comprises secretory IgA (sigA). In some
embodiments, the bioreactor comprises an apical compartment that is substantially isolated from the
internal cavity of the cell construct. In some embodiments, the basal surface of the mammary cells is
in fluidic contact with the culture media. In some embodiments, the apical compartment is in fluidic
contact with the apical surface of the mammary cells. In some embodiments, the cultured milk
product is secreted from the apical surface of the mammary cells into the apical cormpartment. In
some embodiments, the culture media substantially does not contact the cultured milk product. In
some embodiments, total cell density of mammary cells within the bicreactor is at least 10'%; and
alternatively wherein total surface area of mammary cells within the bioreactor is at least 1.5 m* In

some embodiments, total cell density of plasma cells 1 the bioreactor is about 200 to 500 plasma
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cells per mm?. In some embodiments, the culturing is carried out at a temperature of about 27°C to
about 39°C. In some embodiments, the culturing is carried out at an atmospheric concentration of
CO* of about 4% to about 6%.

{0014} Disclosed herein, in certain embodiments, are pharmaceutical compositions comprising (a)
slgA and (b) a pharmaceutically acceptable excipient; wheretn the slgA is wanufactured by a
method disclosed herein. In some embodiments, the pharmaceutically acceptable excipientis a
stabilizer, a surfactant, a buffer or tonicity agent. In some embodiments, the pharmaceutically
acceptable excipient is sucrose, irehalose, mannitol, sorbitol, histidine, arginine, glycine, polysorbate
20, polysorbate 80, poloxamer 188, edetic acid/or edetate salts {e.g., EDTA), glutathione,

metacresol, phenol, benzy! alcohol, benzalkonium chloride, methionine or cysteine.

10015] Dasclosed herein, in certain embodiments, are methods of treating or preventing a microbial
infection in 4 subject in need thereof, comprising administering to the subject a pharmaceutical
composttion comprising {(a) sigA and (b) a pharmaceutically accepiable excipient; wherein the sigA
is manufactured by a method disclosed herein. In some embodiments, the pharmaceutically
acceptable excipient is a stabilizer, a surfactant, a buffer or tonicity agent. In some embodiments, the
pharmaceutically acceptable excipient is sucrose, trehalose, mannitol, sorbitol, histidine, arginine,
glycine, polysorbate 20, polysorbate 80, poloxamer 188, edetic acid/or edetate salts (e.g., EDTA),
glutathione, metacresol, phenol, benzyl alcohol, benzalkonium chloride, methionine or ¢ysieine. In
some embodiments, the human subject 18 an infant. In some emboediments, the human subject is
immuno-compromised. In some embodiments, the human subject has a disease selected from: severe
combined immunodeficiency (SCID), HIV/AIDS, a cancer, or an agtotmmune disease. In some
embodiments, the subject has fupus or diabetes (for example, Type I diabetes or Type II diabetes). In
some embodiments, the human subject is an organ or bone marrow transplant recipient. In some
embodiments, the human subject is malnourished. In some embodiments, the human subject has
malabsorption syndrome. In some embodiments, the human subject has wasting syndrome. In some
embodiments, the human subject is geriatric. In some embodiments, the human subject has cystic
fibrosis, COPD, or non-CF bronchiectasis. In some embodiments, the infection is a bacterial
infection, fungal infection or parasitic infection. In some erbodiments, the bacterial infection is an
infection of E. coli, Streptococeus pneumoniae, Moraxella catarrhalis, Staphylococeus aureus,
Streptococcus pyogenes, Salmonella, Shigella, Campylobacter, Staphylococcus aureus, Helicobacter
pylort, C. difficile, or Vibrio cholerae. Tn some embodiments, the parasitic infection is an infection
of Giardia lamblia, Entamoeba istolytica, Cryptosporidium spp., or Cystoisospora belli. In some
embodiments, the fungal infection is an infection of Aspergillus, Cryptococcus, or Pneumocystis
jirovecii. In some embodiments, the microbial infection is a gastrointestinal infection. In some
embodiments, the gastrointestinal infection is gastroenteritis. In some embodiments, the microbial
infection is Candidiasis. In some embodiments, the microbial infection is a respiratory infection. In
some embodiments, the respiratory infection is pneumonia, bronchitis, Aspergillosis, or
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Cryptococcosis. Tn some embodiments, the respiratory infection is an infection by B. cepacia, P.
aeruginosa S. aureus, Aspergillus, Crypiococcus, or Poeumocystis. In some embodiments, the
composition 18 formulated for inhalation. In some embodiments, the composition is a powder. In

some embodiments, the composition is formulation for administration by a nebulizer.

{8016} The present disclosure relates to milk compositions that comprise protein, lipid, and
oligosaccharide components and component concentrations that mimic and/or are substantially
sirntlar to human breast milk as produced by a lactating female and are produced i vifro and/or ex

vive from cultured mammary cells.

{8017} Thus, one aspect of the disclosure relates to mulk products comprising specified
concentrations or amounts by weight of protein components, lipid components human milk
oligosaccharide components and lactose, wherein at least one of the protein components, lipid

components, HMOs, and [actose 1s produced by cultured human mammary epithelial cells.

[08138] In an embodiment, disclosed bherein are roethods of producing an isolated cultured milk
product from mammary cells, the method comprising: {a) culturing a cell construct in a bioreactor
under conditions which produce the cultured milk product, said cell construct comprising: (i) a three-
dimensional scaffold having an exterior surface, an wnterior surface defining an interior cavity, and a
plurality of pores extending from the interior surface to the exterior surface; (it} a matrix material
disposed on the exterior surface of the three-dimensional scatfold; {iv) a plurality of plasma cells
disposed on the matrix matenial; and (v} a confluent monolayer of polanized maromary cells disposed
on the plurality of plasma cells, wherein the mammary cells are selected from the group consisting
of: mammary epithelial cells, mammary myoepithelial cells, mammary progenitor cells, wherein the
polarized mammary cells comprise an apical surface and a basal surface; and (b) isolating the
cultured milk product. In some embodiments, the cultured mitk product comprises secretory IgA
{slgA}.

{0019} In some embodiments, the bioreactor comprises an apical compartment that is substantially
isolated from the internal cavity of the cell construct. In some embodiments, the basal surface of the
mammary cells is in fluidic contact with the culture media. In some embodiments, the apical
compartment is in fluidic contact with the apical surface of the mammary cells. In some
embodiments, the cultured milk product is secreted from the apical surface of the mammary cells
into the apical compartment. In some embodiments, the culture media substantially does not contact
the cultured milk product. In some embodiments, total cell density of mammary cells within the
bioreactor is at least 10, In some embodiments, total surface area of mammary cells within the
bioreactor is at least 1.5 m°. In some embodiments, the matrix material comprises one or more
extracetlular matrix proteins. In some embodiments, total cell density of plasma cells in the

bioreactor is about 200 to 500 plasma cells per mm?. In some embodiments, the culturing is carried
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out at a temperature of about 27°C to about 39°C. In some embodiments, the colturing is carried out

at an atmospheric concentration of CO? of about 4% to about 6%.

{8020} In certain embodiments, described herein are cell constructs, comprising: (a) a three
dimensional scaffold having an exterior surface, an interior surface defining an interior cavity/basal
chamber, and a plurality of pores extending from the interior surface to the exterior surface; (b) a
matrix material disposed on the exterior surface of the three-dimensional scaffold; (¢} a culture
media disposed within the interior cavity/basal chamber and in fluidic contact with the internal
surface; and {d) a plurality of plasma cells disposed on the matrix material; and (¢} an at least 70%
confluent monelayer of polarized mammary cells disposed on the plurality of plasma cells, wheretn
the mammary cells are selected from the group consisting of. mammary epithelial cells, mammary
myoepithelial cells, and mammary progenitor cells. In somwe embodivents, the polanzed mammary
cells comprise an apical surface and a basal surface. In some embodiments, the basal surface of the

mammary cells is in fluidic contact with the culture media.

{0621] In some embodiments, at least 70%, at least 80%, at least 90%, at least 95%, at least 99%, or
100% of the mammary cells are polarized o the same orientation. In some embodiments, the
monclayer of polarized mammary cells is at least 70% confluent, at least 80% confiuent, at least
90% confluent, at least 95% confluent, at least 99% confluent, or 100% confluent. In some
embodiments, the mammary cells comprise a constitutively active prolactin receptor protein. In
some embodiments, the culture medium comprises a carbon source, a chemical buffering system,
one or more essential amino acids, one or more vitamins and/or cofactors, and one or more inorganic
salts. In some embodiments, the culture medium further comprises prolactin. In some embodiments,
the matrix material comprises one or more extracellular matrix proteins. In some embodiments, the
three-dimensional scaffold comprises a natural polymer, a bioccompatible synthetic polymer, a
synthetic peptide, a composite derived from any of the preceding, or any combination thereof In
some embodiments, the natural polymer is collagen, chitosan, cellulose, agarose, alginate, gelatin,
elastin, heparan sulfate, chondroitin sulfate, keratan sulfate, and/or hyaluronic acid. In some
embodiments, the biocompatible synthetic polymer is polysulfone, polyvinylidene fluoride,
polyethylene co-vinyl acetate, polyvinyl alcohol, sodium polyacrylate, an acrylate polymer, and/or

polyethylene glycol.

{6022} In certain aspects, described herein is a milk product comprising: about 6-14 grams per liter
{g/L) protein components; about 18-89 o/L lipid components; about 7-14 g/L human milk
oligosaccharides (HMOs); and about 64-77 g/l lactose, wherein at least one of the protein
components, lipid components, HMQs, and lactose is produced by cultured human mammary

epithelial cells.

{6023} In some embodiments, the milk product further comprises one or more immunoglobuling. In

some embodiments, the immunoglobulin is secretory IgA.
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{6024} In some embodiments, the protein component comprises about 55-65% dry weight of the
milk product. 1n some embodiments, the protein component comprises beta-casein, kappa-casein and
alpha-casein. In some ermnbodiments, the beta-casein has a concentration of about 0.5-1.5 g/L, the
kappa-casein has a concentration of about 0.5-0.6 ¢/L, and the alpha-casein has a concentration of
about 0.1-0.5 g/L in the milk product. In some embodiments, the beta-casein, kappa-~casein and
alpha-casein together comprise about 33-45% drv weight percent of the protein component of the
milk product. In some embodiments, the beta-casein comprises greater than about 50% of total

casein content.

{0023} In some embodiments, the protein component further comprises one or more of alpha-
tactalbumin, lysozyme, lactoferrin, haptocorrin, butyrophilin, osteopontin, mucin MC3, mucin BrE3,
and lactadherio. In some embodiments, the protein component further comprises serum alburoin. In
some embodiments, the alpha-lactalbumin has a concentration of about 2.7-3.3 /L. in the milk
product. In some embodiments, the lysozyme has a concentration of about 0.2-0.5 g/L in the milk
product. In some embodiments, the lactoferrin has a concentration of about 1.0-2.0 ¢/L in the milk
product. In some embodiments, the haptocorrin has a concentration of about 0.07-0.7 ¢/L in the milk
product. In some embodiments, the butyrophilin has a conceniration of about $.03-0.05 g/L in the
milk product. In some embodiments, the osteopontin has a concentration of about 0.05-0.2 g/L in the
milk product. In some embodiments, the mucin MCS has a concentration of about 0.5-0.6 g/L. o the
milk product. In some embodiments, the mucin BrE3 has a concentration of about 0.5-0.7 ¢/L in the
mulk product. In some embodiments, the lactadherin has a concentration of about 0.06-0.07 ¢/L in
the milk product. In some embodiments, the serum albumin has a concentration of about 0.025-3.5

¢/t or about 0.01-2 /L, or about ¢.15-1 g/L or about 0.2-0.7 g/L. In some embodiments, the

2

protein components are of human origin.

{6026} In some embodiments, the liptd component comprises one or more of saturated fatty acids,
monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol, phospholipids, plasmalogens
and sphingolipids. In some embodiments, the saturated fatty acids has a concentration of about 5-34
¢/L in the milk product. In some embodiments, the saturated fatty acids comprise palmitic acid,
stearic acid, and lauric acid. In some embodiments, the palmitic acid comprises at least about 50%
sn-2 form. In some embodimenis, palmitic acid has a concentration of about 3-18 g/l in the milk
product. In some embodiments, stearic acid has a concentration of about 0.7-5 g/L. in the milk
product. In some embodiments, lauric acid bas a concentration of about 0.5-5 /L. in the milk
product. In some embodiments, moncunsaturated fatty acids have a concentration of about 7-46 g/L.
in the milk product. In some embodiments, the monounsaturated fatty acid comprises oleic acid. In
some embodiments, the oleic acid comprises at least about 50% sn-1 form. In some embodiments,
the oleic acid has a concentration of about 7-45 g/L. in the milk product. In some embodiments,
polyunsaturated fats have a concentration of about 2-20 g/L in the milk product. In some
embodiments, the polyunsaturated fats comprise one or more of linoleic acid, alpha-linolenic acid,
-10-
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eicosadienocic acid, arachidonic acid, dihomo-~-gamma-linolenic acid, and docosahexadienoic acid. In
some embodiments, lincleic acid has a concentration of about 2-19 g/L in the mitk product. In some
embodiments, the linoleic acid comprises at least about 50% sn-3 form. In some embodiments,
alpha-linolenic acid has a concentration of about 0.5-0.7 ¢/L in the milk product. In some
embodiments, eicosadienocic acid has a concentration of about 0.5-0.7 g/L in the milk product. In
some embodiments, arachidonic acid has a concentration of about 0.5-0.7 ¢/ in the milk product. In
some embodiments, dihomo-gamma-linolenic acid has a couceniration of about 0.3-0.5 g/L in the
milk product. In some embodiments, docosahexadienoic acid has a concentration of about 8.02-0.4
o/l in the milk preduct. In some embodiments, linoleic acid has a concentration of about 2-19 g/1,
alpha-linolenic acid has a concentration of about 0.5-0.7 g/L, eicosadienoic acid has a concentration
of about 0.5-0.7 g/L., arachidonic acid has a concentration of about 0.5-0.7 g/, dihomo-gamma-
linolenic acid has a concentration of about 0.3-0.5 g/L., and docesahexadienoic acid has a
concentration of about 0.02-0.4 ¢/L in the milk product. In some embodiments, the milk product
comprises oleic acid, palmitic acid, and linoleic acid, wherein the oleic acid coruprises at least about
50% sn-1 form, the palmitic acid comprises at least about 50% sn-2 form, and the linoliec acid
comprises at least about 50% sn-3 form. In some embodiments, the milk product coprises cholesterol
having a concentration of about 0.09-0.15 g/L. 1o milk product. Tn sorme embodiments, phospholipids,
plasmalogens and sphingolipids together have a concentration of about 0.1-0.4 g/L in the milk

product.

{0027} In some embodiments, the human milk oligosaccharide corponent comprises one or more
neutral oligosaccharides. In some embodiments, the human milk oligosaccharide component
comprises one or more acidic oligosaccharides. In some embodiments, the human milk
oligosaccharide component comprises neutral oligosaccharides and/or acidic oligosaccharides. In
some embodiments, the one or more neuiral oligosaccharides comprise TF-LNH (trifucosyllacto-N-
hexose), 27-FL (2" -fucosyllactose), DF- LNHI (difucosyliacto-N-hexacse), LNFP I {lacto-N-
fucopentaose 1), LNDFHI (lacto-N- difucosylhexaose I}, LNT (lacto-N-tetraose), ENnT (lacto-N-

neotetraose), DF-L (Difucosyllactose}, and 3-FL (3~fucosyllactose).

74. The milk product according to claim 65 or 66, wherein the one or more acidic oligosaccharides
comprise 6'-8L (6 -stalyllactose), DS-LNT (disialvllacto-N-tetraose), FS-LNnH I (fucosyl-sialyl-
facto-N-neohexaocse I}, LST ¢ (sialyl-lacto-N-tetraose ¢}, and 3°-8L (3~ sialyllactose). In some
embodiments, the one or more neutral oligosacchartides comprises TF-LNH (trifucosyllacto-N-
hexose), which oligosaccharide has a concentration of about 1-4 g/L in the milk product. In some
embodiments, the one or more neutral oligosaccharides comprises 2'-FL (2 -fucosyllactose), which
oligosaccharide has a concentration of about 1-4 g/l in the milk product. In some embodiments, the
one or more neutral oligosaccharides comprises DF-LINHI (difucosyllacto-N-hexaose), which
oligosaccharide has a concentration of about 1-4 g/L in the milk product. In some embodiments, the
one or more neutral oligosaccharides comprises LNFP I {facto-N-fucopentaose I}, which

-11-
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oligosaccharide bas a concentration of about 0.5-2 /L in the milk product. In some embodiments,
the one or more neutral oligosaccharides comprises LNDFHI (lacto-N-difucosylhexaose 1}, which
oligosaccharide has a concentration of about 0.2-2 ¢/L in the milk product.

80. The milk product according to any of claims 64, 66, 67, or 70-74, wherein the one or more
nentral oligosaccharides comprises LNT (lacto-N-tetraose), which oligosaccharide has a
concentration of about 0.3-1.5 g/L. in the milk product. In some embodiments, the one or more
neutral oligosaccharides comprises LNnT (lacto-N-neotetraose}, which oligosaccharide has a
concentration of about §.5-1.5 g/L. in the milk product. In some embodiments, the one or more
neutral oligosaccharides comprises DF-L (Difucosyliactose), which oligosaccharide has a
concentration of about 0.1-1 g/L in the milk product. In some embodiments, the one or more neutral
oligosaccharides comprises 3-FL (3-fucosyllactose), which oligosaccharide has a concentration of
about 0.2-1.5 g/L. in the milk product. In some embodiments, the one or more acidic
oligosaccharides comprises 6°-SL {6 -sialylactose), which oligosaccharide has a concentration of
about 0.2-1.2 ¢/L in the milk product. In some embodiments, the one or more acidic
oligosaccharides comprises DS-LNT (disialyllacto-N-tetraose), which oligosaccharide has a
concentration of about 0.05-1 g/l in the milk product. In some embodiments, the one or more acidic
oligosaccharides comprises FS-LNnH I (fucosyi-sialyl-lacto-N-nechexaose T}, which
oligosaccharide comprises about 0.05-0.7 g/l in the milk product. Tn some embodiments, the one or
more acidic oligosaccharides comprises LST ¢ (sialyl-lacto-N-tetracse ¢}, which oligosaccharide has
a concentration of about 0.05-0.7 g/L in the milk product. In some embodiments, the one or more
acidic oligosaccharides comprises 37-8L (37 -sialyllactose), which oligosaccharide has a

Heoncentration of about 0.1-0.3 g/L in the milk product.

10028} In some embodiments, the one or more neutral oligosaccharides comprise TF-LNH
{(trifucosyllacto-N-hexose), 2°-FL (2’ -fucosyllactose), DF-LNH I {difucosyllacto-N-hexaose), LNFP
1 (Jacto-N-fucopentaose 1), LNDFHI (Jacto-N- difucosylhexaose I}, LNT (lacto-MN-tetraose), ENoT
(lacto-N-neotetraose), DF-L (Difucosyllactose)}, and 3-FL (3-fucosyllactose) and wherein the one or
more actdic oligosaccharides comprises 6'-SL (6 -sialyllactose), DS-LNT (disialvllacto-N-tetraose),
FS- LNnH I (fucosyl-sialyl-lacto-N-neohexaose I}, LST ¢ {sialyl-lacto-N-tetraose ¢}, and 37-8L (3’-
sialyllactose). In some embodiments, the milk product comprises about 1-4 g/L TH-LNH
{trifucosyllacto-N-hexose), about 1-4 g/L 2°-FL (2’ -fucosyllactose), about 1-4 ¢/L DF-INHH
{difucosyllacto-N-hexaose), about 0.5-2 g/l LNFP I (lacto-N-fucopentaose I}, about 0.22 o/L
LNDFH I (facto-N-difucosylhexaose 1}, about 0.3-1.5 g/l LNT (lacto-N-tetraose), about 0.5-1.5 g/L
LNnT (lacto-N-neotetraose), about 0.1-1 g/ DF-L (Difucosyllactose), about 0.2-1.5 g/L 3-FL (3-
fucosyllactose), about 0.2-1.2 g/L 6°-8L {6 -sialyllactose), about 0.05-1 o/L DS- LNT (disialyllacto-
N-tetracse}, about 0.05-0.7 g/ F8-LNnH I (fucosyl-sialyl-tacto-N- neohexaose 1), about 0.05-0.7
/L L8T ¢ (sialyi-lacto-N-tetraose ¢), and about 0.1-0.3 g/l 3°-81 (3’ -sialyllactose). In some
embodiments, the neutral oligosaccharides content comprises at least about 2-fold, or about 3-fold,
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or about 4-fold, or about 5-fold, or about 6- fold, or about 7-fold, or about 8-fold, or about 9-fold, or
about 10-fold, or about 11-fold, or about 12-fold, or about 13-fold, or about 14-fold, or about 15-fold
more by weight than acidic oligosaccharide content.

{6029} In certain aspects, described herein are milk products comprising: about 6-14 grams per liter
{g/L} protein components; about 18-89 g/ lipid components; about 7-14 /L buman milk
oligosaccharides (HMOs); and about 64-77 g/L. lactose, wheretn the protein components comprise
beta-casein, kappa-casein, and alpha-casein, alpha-lactalbumin, lysozyme, lactoferrin, haptocorrin,
butyrophilin, osteopontin, mucin MC5, mucin BrE3, and lactadherin, wherein the lipid components
comprise palmitic acid, stearic acid and lauric actd, oleic acid, Hincleic acid, alpha-linolenic acid,
eicosadienoic acid, arachidonic acid, dihomo-gamma- linolenic acid, docesahexadienoic acid,
cholesterol, phospholipids, plasmalogens and sphingolipids, wherein the human milk
oligosaccharides comprise TF-LNH {trifucosyllacto-N-hexose), 2°-FL (2'-fucosyilactose}, DF-
LNHII {difucosyllacto-IN-hexaose), LNFP { (lacto-N- fucopentaose 1}, LNDFHI (facto-N-
difucosythexaose I}, LNT (lacto-N-tetraose), LNnT (lacto- N-neotetraose), DF-L (Ditucosyliactose),
and 3-FL (3-fucosyllactose), 6’-SL (6" -stalyliactose), DR-LNT (disialyHacto-N-tetraose), FS-LNnH |
{fucosyl-sialyl-lacto-N-nechexaose I), LST ¢ {stalyl-lacto-N-tetraose ¢}, and 3°-8L (3 -sialyllactose},
and wherein at least one of the protein components, lipid components, HMOs, and lactose is

produced by cultured human mammary epithelial cells.

{0838} In some embodiments, the milk product comprises about 0.5-1.5 g/l beta-casein, about 0.5~
0.6 g/L kappa-casein, about 0.1-0.5 g/L alpha-casein, about 2.7-3.3 g/L alpha-lactalbumin, about
0.2-0.5 ¢/L lysozyme, about 1.0-2.0 g/L lactoterrin, about 0.07-0.7 g/L haptocorrin, about 6.03-0.05
g/L butyrophilin, about 6.05-0.2 g/l osteopontin, about 0.5-0.6 g/L. mucin MC5, about ¢.5-0.7 g/l
mucin BrE3, about 0.06-0.07 ¢/ lactadherin, about 2-19 /L linoleic acid, about ¢.5-0.7 g/L alpha-
tinolenic acid, about 0.5-0.7 g/l eicosadienoic acid, about 0.5-0.7 g/L arachidonic acid, about 0.3~
0.5 g/L. dihomo-gamma-linolenic acid, about 0.02-0.4 g/L. docosahexadienoic acid, about 0.09-0.15
g/L cholesterol, about 0.1-0.4 ¢/L phospholipids, plasmalogens, and sphingolipids combined, about
1-4 g/ TF-LNH (trifucosyliacto-N-hexose)}, about 1-4 g/l 2°-FL (2" -fucosyllactose), about 1-4 g/l
DF-LNHI (difucosyllacto-N-hexaose), about 0.5-2 g/l LNFP I {Jacto-N-fucopentaose I}, about 0.2-
2 /L. LNDFHI (Jacto-N- difucosylhexaose 13, about 0.3-1.5 g/L. LNT (lacto-N-tetracse), about 0.5-
1.5 g/L ENnT (facto-N- neotetraose), about 0.1-1 g/L DF-L (Difucosylactose), about 0.2-1.5 g/L 3-
FL (3~ fucosyllactose), about 0.2-1 2 g/L. 67-SL (&’ ~sialyllactose), about 0.05-1 g/l DS-LNT
(disialyllacto-N-tetraose), about 0.05-0.7 g/1. FS-LNnH I (fucosyl-sialyi-lacto-N-neohexaose I},
about 0.05-0.7 g/l LST ¢ (sialyl-lacto-N-tetraose ¢}, and about 0.1-0.3 ¢/L 3°-SL (3’- sialyllactose).
18031} In certain aspects, described herein are milk products comprising: about 3-15 percent protein
by weight; about 9-92 percent lipid by weight; about 4-15 percent by weight human milk

oligosaccharides (HMOs), and about 33-80 percent by weight lactose, wherein at least one of the

~
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protein, lipid, HMOs, and lactose is produced by cultured human mammary epithelial cells. In some
embodiments, the milk product further comprises serum albumin. In some embodiments, the milk
product comprises about 0.025-3.5 g/, or about 0.01-2 g/L, or about 0.15-1 g/L, or about 0.3-07
¢/L. seram albumin.

{8032} In some embodiments, the milk product further comprises one or more tmumunoglobuling. In
some embodiments, the immunoglobulins comprise one or more of IgA, IeG and IgM. In some
embodiments, the IgA comprises one or more of IgA2 {sceretory) and IgAl (non-secretory). In some
embodiments, the milk product comprises about 0.2-1.0 g/L. secretory IgA. In some embodiments,
the milk product comprises about 0.15-1.6 g/L. total IgA. In some embodiments, the milk product
comprises about 0.03-03 g/l {eG. In some embaodiments, the milk preduct comprises about 0.01-0.1
o/L TgM. Tn some embodiments, the milk product comprises about 0.2-2 percent by weight

immunoglobuling.

{6033} In some embodiments, the protein components, liptd components, HMOs, and lactose are
isolated from cultured mammary epithelial cells. In some embodiments, the cultured mammary
epithelial cells comprise one or more immortalized mammary cell lioes. In some embodiments, the
cultured mammary epithelial cells are derived from one or more primary mammary tissue samples.
In some embodiments, the one or more primary mammary tissue samples is derived from a surgical
explant of mammary gland tissue. In some embodiments, the one or more primary mammary tissue
samples comprises alveolar and/or luminal tissue or cells coliected from the alveolar structure of the
mammary gland. In some embodiments, the one or more primary mammary tissue samples is
derived from a needle aspiration of mammary gland tissue. In some embodiments, the primary
mammary tissue further comprises one or more myoepithelial cells. In some embodiments, the
primary mammary tissue further comprises one or more stem cells. In some embodiments, the
primary mammary tissue further comprises one or more immune cells. In some embodiments, the

immune cells comprise B cells. In some embodiments, the immune cells comprise plasma cells.

{6034} In some embodiments, the milk product is isolated from cultured mammary epithelial cells
from one or more specific persons. In some embodiments, the milk product isclated from cultured
mammary epithelial cells from a specific donor is provided only to that donor or persons authorized
by that donor. In some embodiments, the cultured mammary epithelial cells are co-cultured with one
or more plasma cells lines. In some embodiments, the cultured mammary epithelial cells are co-
cultured with one or more myocepithelial cell lines. In some embodiments, the cultured mammary

epithelial cells are co-cultured with cue or more stem cell lines.

[8035] In some embodiments, the milk product comprises at least about 80%, or at least about 85%,
or at least about 90%, or at least about 95%, or at least about 97%, or at least about 98%, or at least

about 99%, of the overall macromolecular composition of human breast mitk. In some embodiments,
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non-protein vitrogen content comprises at feast about 10%, or at least about 15%, or at least about

2%, or at east about 25%, or at least about 30% of total nitrogen content.

{8036} In certain aspects, described herein are frozen milk products, comprising a milk product
described herein that has been frozen. In some embodiments, the milk product has been lyophilized.
In certain aspects, described herein is a containerized milk product, corprising a milk product
described herein that is packaged into a container. In certain aspects, described hereinis a
containerized frozen milk product, comprising the frozen milk product that is packaged into a
container. In certain aspects, described herein 13 a containerized vophilized milk product,

comprising the lyophilized milk product that is packaged into a container.

{08371 In certain aspects, described herein are extracted milk products, comprising one or more
components exiracted from a milk product described herein. In some embodiments, the one or more
components extracted from the collected milk product are lyophilized or concentrated to produce a
lvophilized or a concentrated extracted milk product component. In some embodiments, the one or
more components extracted from the collected milk product are concentrated by membrane filtration
or reverse osmosis. o some ermnbodiments, the one or more extracted components from the collected

milk product comprise milk protein, lipid, carbobhydrate, vitamin, and minerals.

{0038} In certain aspects, described herein are containerized extracted milk products, comprising the
extracted milk product described herein that is packaged in a container. In some embodiments, the
container is sterile. In some embodiments, the container is vacuum-sealed. In some embodiments,
the container is a food grade container. In some embodiments, the container is a canister, a jar, a

bottle, a bag, a box, or a pouch.

{0039} In some embodiments, the milk product comprises about 500-1150 keal/L available energy
coutent. In some embodiments, between about 40-55% of the available energy content of the milk
product is from lipids. In some embodiments, the milk product comprises between about 95.8 and

195.2 ¢/l macromolecular content.

{6040] In certain aspects, described herein are methods of treating a patient suffering from an
infectious disease, comprising: administering to the patient an effective amount of a milk product
comprising: about 6-14 grams per liter {g/L.) protein components; about 18-89 g/L. lipid components;
about 7-14 g/L. human milk oligosaccharides (HMOs); and about 64-77 g/l lactose, wherein at least
one of the protein components, lipid components, HMOs, and lactose. In some embodiments, the
milk product further comprises one or more immunoglobuling. In some embodiments, the
immunoglobuling comprise one or more of IgA, IgG and IgM. In some embodiments, the IgA

comprises one or more of IgA2 (secretory) and IgAl (non-secretory ).

{6041} In some embodiments, the milk product comprises about 0.2-1.0 g/L secretory IgA. In some

embodiments, milk product comprises about 0.15-1.6 g/l total IgA. In some embodiments, the milk
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product comprises about 0.03-0.3 ¢/L IgG. In some embodiments, the muk product comprises about
0.61-0.1 g/L. IgM. In some embodiments, the miik product comprises about 0.2-2 percent by weight
immunoglobulins. In some embodiments, the infectious disease is a gastrointestinal infection. In

some embodiments, the patient s immune compromised.

[0842] In certain aspects, described herein are methods of treating an infant suffering from a
gastrointestinal infection comprising administering an effective amount of a mitk product
comprising: about 6-14 grams per liter {¢/L) protein components; about 18-89 g/L lipid components;
about 7-14 g/L. human milk oligosaccharides (FIMQs); and about 64-77 /L. lactose, wherein at least
one of the protein components, fipid components, HMOs, and lactose. In some embodiments, the
milk product further comprises one or more immunoglobuling. In some embodiments, the
imrounoglobuling comprise one or wore of IgA, 1gG and IgM. In some erbodiments, the IgA
comprises one or more of IgA2 (secretory) and IgAl (non-secretory). ln some embodiments, the milk
product comprises about 0.2-1.0 g/L secretory {gA. In some embodiments, the milk product
comprises about 0.15-1.6 g/L total IgA. In some embodiments, the milk product comprises about
0.03-0.3 /L 1gG. In some embodiments, the milk product comprises about 0.01-0.1 ¢/ fgM. In

some embodiments, the milk product comprises about 0.2-2 percent by weight immunoglobulins.

10043} These and other aspects of the disclosure are set forth in more detail in the description of the

disclosure below.
BRIFF DESCRIPTION OF THE DRAWINGS

[8044] FIG. 1 shows an example of the collection of milk for nutritional use from mammary
epithelial celis grown as a confluent monolayer in a compartmentalizing culture apparatus in which
either fresh or recycled media is provided to the basal compartment and milk is collected from the

apical compartment. TEER, transepithelial electrical resistance.

[0045] FIG. 2 shows an example of polarized absorption of nutrients and secretion of milk across a

confluent monolayer of mammary epithelial cells anchored to a scaffold at the basal surface.

{6046} FIG. 3 shows an example micropatierned scaffold that provides increased surface area for
the compartmentalized absorption of nutrients and secretion of milk by a confluent monolayer of

mammary epithelial cells.

[0047] FIG. 4 shows three examples of a holiow fiber bioreactor depicted as a bundle of capillary
tubes (top), which can support mammary epithelial cells lining either the external (top and lower
teft) or internal (Jower right) surface of the capillaries, providing directional and compartmentalized

absorption of nutrients and secretion of ruilk.

{6048} FIG. 5 exemplifies a cross-section of three-dimensional cell construct. The construct is made

up of a scaffold having an interior surface defining an interior cavity/basal chamber and an exterior

surface. The tnterior cavity/basal chamber comprises cell culture media. A matrix material sits on
16~
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top of the extertor surface of the scaffold. Pores transverse the scaffold from the interior surface to
the exterior surface, allowing cell media to contact the basal surface of the cells of the cell
monolayer disposed on the matrix material.

{6049} FIG, 6 cxemplifies a bioreactor for producing a cultured milk product. The bioreactor is
made up of a cell construct and an apical chamber. The cell construct is made up of a scaffold having
an intertor surface defining an tnterior cavity/basal chamber and an extertor surface. The cavity
comprises cell culture media. A matrix material sits on top of the exterior surface of the scaffold.
Pores transverse the scaffold from the interior surface to the exterior surface, allowing cell wmedia to
contact the basal surface of the cells of the cell monolayer disposed on the matrix material. The
apical surface of the cells of the cell monolaver secrete the milk/cultured milk product into the apical
chamber. The apical chamber and the interior cavity/basal chamber are separated by the cell

monolayer.

{0058} FIG. 7 exemplifies a cell construct. The construct is made up of a scaffold having an interior
surface defining an interior cavity/basal chamber and an exterior surface. The interior cavity/basal
chamber comprises cell.

[0651] FIG. 8 exemplifies a cell construct having mammary epithelial cells (MECs) and plasma
cells. The plasma cells are adjacent to the scaffold. The MECs form a confluent monolayer above
{and in some instances, in between) the plasma cells, with the apical side of the MECs facing the
apical compartiment {or, milk compartiment). The plasma cells secrete IgA, which then binds to a
receptor on the basolateral surface of the MECs, triggering internalization of the antibody-receptor
complex and further processing of the antibody into sigA as it transits toward the apical surface (not

shown}.

[8052] FIG. 9 Production of cell-cultured huwman milk, (3) Cultivation of mammary epithelial
cells for production of milk in a hollow fiber bioreactor. MECs are expanded in tissue culture flasks
(1) and then inoculated into the extracapiliary space of a hollow tiber bioreactor {2}, where they
attach to ECM components that coat the surface of the fibers for further proliferation over the large
surface area. Media (3) s circulated through the fibers by a peristaltic pump (4). Cellular metabolism
is monitored by daily measurement of glucose utilization (5). When the MECs reach confluence and
become contact inhibited, the culture media is switched to a lactogenic formulation containing
prolactin, and the product is harvested from the extracapillary space (6}. (B) Monitoring mammary
epithelial cell growth and milk biosynthesis in a hollow fiber bioreactor. Glucose utilization (solid
tine) and lactose synthesis {dashed line) were monitored daily after inoculation of human primary
maromary epithelial cells into a hollow fiber bioreactor using a diabetic glucose monitor
{AccuCheck) and a fluorometric factose assay (Sigma-Aldrich), respectively. {C) Detection of milk
protein synthests. Samples collected from the extracapillary space were submitted to capillary

electrophoresis and immunodetection of human beta-casein (D) Quantification of total protein in the
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apical {extracapilary space) and basal {(culture media) compartments of a hollow fiber bioreactor
culture of h(MECs.

DETAILED DESCRIPYTION
{6053} Milk 1s a nutrient-rich liquid foed produced in the mammary glands of mammals. Itis a
primary source of nutrition for infant mammals (including humans who are breastfed) before they
are able to digest other types of food. Milk is a complex biological matrix composed of thousands of
unique molecules, with nutritional and functional properties that are ideal to support the growth and

development of a marmmalian infant.

{0054} Natural milk contains many macronutrients, including proteins, lipids, polysaccharides and
lactose. Each species produces milk with a unique composition that reflects iis distinet physiological
needs (Beck KL, et al., JProteome Res. 2015;14(5):2143-2157). As milk composition is optimized
for each species, breast milk is considered the gold standard for human infant nutrition and is
recommended as the exclusive nutrition source for the first 6 months by the World Health

Organization (Mordor Intelligence, Global daivy market (2016-2024)).

{0055} Compared with bovine milk, human milk is lower in protein but higher in fat and
carbohydrate content (Ballard O, et al., Pediafr Clin North Am. 2013;60(1):49-74). Many
components overlap but undergo different processing steps in humans and cows and therefore differ
in their final conformations and physiclogical properties. For example, the positions of specific fatty
actds in triglycerides differ between bovine milk and breast milk, and these differences have been
shown to affect absorption {Andreas NJ, et al., fardy Hum Dev. (91 (1131629-635). Additionally,
human milk contains hundreds of unique oligosaccharides that contribute to gut maturation and
trimunity in the developing infant, which are lacking in bovine-based formula (Totten SM, et al,
JSProtecme Res. 2012;1 1{123.6124-6133).

[0056] Human milk is not merely nutritional. Rather, human milk contains a variety of factors with
bipactive qualities that have a profound role in infant survival and health. Early milk from mammals
contains antibodies that provide protection to the newborn baby. Additional factors contributing to
the disease fighting potential of natural milk include leukocytes, hormones, antimicrobial peptides,

cytokines, chemokines, and other bicactive factors.

{6057} Secretory IgA (sigA) is found in naturally-occurring breast milk. IgA is produced by plasma
cells Tocated within the breast tissue. The IgA binds to a receptor {polymeric Ig receptor) on the
basal surface of mammary epithelial cells. The IgA and receptor are transported into the mammary
epithelial celis where the mammary cells process the [gA by cleaving the extracellular domain of the
polymeric Ig receptor bound to the IgA| leaving the soluble ectodomain of the Ig receptor {the
“secretory component”) bound to the IgA. The sIgA is secreted from the apical surface of the

mammary epithelial cells. sigA transferred to children via breast milk is an integral component of an
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infant’s immune systera enabling them to fight off infections. Further, sIgA is an important
component of the immune systems of all humans and slgA deficiencies are associated with increased
susceptibility to illness, slgA-based therapies offer the opportunity to prevent and treat infectious

diseases at their sites of entry.

{6058} Immune cells, including CD20+ B cells, which are precursors for sigA-secreting plasma
cells, are present in normal, non-lactating mammary tissue. During lactation, immune cell homing to
the mammary gland contributes to a local, mucosal immunity that helps to prevent infection within
the mammary gland Further, immune cell homing to the wammary gland enables the transfer of
sigA antibodies to an infant via breast feeding,

[0659] Unfortunately, efforts at mass production of sIgA are hampered by the fact that it is a
multivalent and heavily post-translationally modified protein assembly that requires cooperation
with a mucosal epithelium for processing into its bioactive form. Thus, it 18 difficult to manufacture

sigA for use with non-naturally occurring breast milk or as a therapeutic for humauns,

{0068} These are several of the factors that contribute to the inability of infant formula to replicate
the properties of breast milk. Therefore, there is a need for improved milk products for developing
infants and children that more closely mimic the composition of human breast milk as produced by a

lactating female.

{6061} Mammary epithelial cells (MECs} in culture have been previously demonstrated to display
organization and behavior sinular to that observed i vive (Arevalo et al. 2016 Am J Physiol Cell
Physiol 310(5) :C348-3 56, Chen et al. 20619 Curr Protoc Cell Biol B2{(1}1.¢65). In Arevalo et al,
specific biomarkers of MEC populations were detected in immortalized bovine mammary epithelial
cells (BME-UV1} and immortalized bovine mammary alveolar cells (MAC-T) cultured on adherent
2-P plates, ultralow attachment surface 3D microplates, and 3D plates coated with Matrigel.
Additionally, in Chen et al, protocols are detailed for isolation and culture of human primary
mammary epithelial stem/progenitor cells from human breast tissue and subsequent generation of
mammospheres using 3D organoid culture on gelatin sponges and Matrigel matrices. However,

neither Arevalo nor Chen attempted to stimulate the production of mitk from these MEC cultures.

{8062] In particular, when grown on an appropriate extracellular matrix and stimulated with
prolactin, cultured bovine mammary epithelial cells polarize and organize into structures capable of
secreting certain milk components (Blatchford et al. 1999 dnimal Cell Technology: Basic & Applied
Aspecis 10:141-145). In Blatchford et al, bovine MECs polarized and formed mammospheres.
Casein and butyrophilin were isolated from the cuitures. However, the cells did not polarize in one
uniform direction. Blatchford, et al. noted that the milk proteins were distributed in between the cells
and dispersed throughout the mammospheres. Due to the lack of a uniform polarization orientation,

Blatchford had to isolate the secreted proteins from the culture media.
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{8063} Furthermore, in vitro two-dimensional models, such as those used in Blatchtord et al. provide
a low surface area~-to-volume ratio (low density format). The surface area available for cell
attachment limits the number of cells that can be grown

{0064} The only known attempt to culture mouse mammary epithelial cells in a high-density format,
such as the hollow fiber bioreactor, failed to achieve compartmentalization necessary for the
production and extraction of a cultured milk product (Sharfstein et al. 1992 Biotechnology and
Bivengineering 40:072-680). In Sharfstein et al., growth, long-term expression of functional
differentiation, and metabolism of COMMA-D (an immortalized roouse mammary epithelial cell
line) was examined in two different systems: extended batch culture and hollow-fiber reactor culture.
Using COMMA-1D seeded onte Costar Transwell® polycarbonate membrane cell culture inserts,
Sharfstetn et al. created a confluent monolayer capable of barrier formation and polarized
metabolism between the apical and basal side that maintained gradients of glucose and lactate.
However, using a hollow-fiber bioreactor culture, Sharfstein et al. was unable to achieve separation
of basal and apical compartments. Furthermore, it was not determined if nutrient uptake was
polarized in a hollow-fiber culture (Sharfstein et al. 1992). Importantly, no prior work has been able
to culture mammary epithelial cells from humans or other nutritionally relevant species in 3 high-

density, three-dimensional, compartmentalizing format.

{6065} The present disclosure is explained in greater detail below. This description is not intended to
be a detailed catalog of all the different ways in which the disclosure may be implemented, or all the
features that may be added to the instant disclosure. For example, features illustrated with respect to
one embodiment may be incorporated into other embodiments, and features Hustrated with respect
to a particular embodiment may be deleted from that embodiment. Numerous vasiations and
additions to the various embodiments suggested herein will be apparent to those skilled in the art in
tight of the instant disclosure, which do not depart from the instant disclosure. Hence, the following
specification is intended to illustrate some particular embodiments of the disclosure, and not to

exhaustively specify all permutations, combinations, and varations thereof.

{6066} Unless the context indicates otherwise, it is specifically intended that the various features of
the disclosure described herein can be used in any combination. Moreover, the present disclosure
also conteruplates that in some embodiments of the disclosure, any feature or combination of
features set forth herein can be excluded or omitted. To tllustrate, if the specification states that a
complex comprises components A, B and C, it is specifically intended thatany of A, Bor C, ora

combination thereof, can be omitted and disclaimed singularly or in any combination.
Definitions

{6067} Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this disclosure
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belougs. The terminology used in the description of the disclosure herein is for the purpose of

describing particular embodiments only and is not intended o be imiting of the disclosure.

{8068} The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting. As used herein, the singular forms “a,” “an,” and “the” are
intended to wnclude the plural forms as well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “comprising,” when used in this specification,
specity the presence of stated features, elements, and/or components, but do not preclude the
presence or addition of one or more other features, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combinations of one or more of the associated
listed items. As used herein, phrases such as “between X and Y” and “between about X and Y7
should be jnterpreted to include X and Y. As used herein, phrases such as “between about X and Y™
mean “between about X and about Y.” As used herein, phrases such as “from about X fo ¥ mean

“from about X to about Y.

10069} Moreover, the present disclosure also contemplates that in some embodiments, any feature or

combination of features set forth heretn can be excluded or omitted.

[0878] Furthermore, the term “about,” as used herein when referring to a measurable value such as
an amount of a compound or agent of this disclosure, dose, time, temperature, and the like, is meant

to encompass variations of £10%, £5%, £1%, £0.5%, or even £0.1% of the specified amount.

10071] As used herein, the transitional phrase “consisting essentially of” is to be interpreted as
encompassing the recited materials or steps and those that do not materially affect the basic and
novel characteristic(s) of the disclosure. Thus, the term “consisting essentially of” as used herein

should not be interpreted as equivalent to “comprising”

{6072} As used herein, the compositions described in the present disclosure are referred to
interchangeably as (the singular or plural forms of) “nutritional compositions substantially sirotlar to
human milk,” “milk products,” “mitk compositions,” “culiured milk products,” or equivalent as

made clear by the context.

{8073} As used herein, by “isolate” (or grammatical equivalents, e.g., “extract”) a product, it 1
meant that the product is at least partially separated from at least some of the other compounents in

the starting material.

{0074} As used herein, the term “polypeptide” encompasses both peptides and proteins, and does not

require any particular amino acid length or tertiary structure unless indicated otherwise.

{8075} The term “cultured milk product” and “milk product” are used interchangeably to mean the
product secreted by the apical surface of a live cell construct (or, cell culture) comprising human
mammary epithelial cells (WMEC). In some embodiments, the live cell construet is cultured in a
bioreactor.
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{8076} The torm “polarized” as used herein in reference to cells and/or monolayers of cells refers to
a spatial status of the cell wherein there are two distinct surfaces of the cell, e.g., an apical surface
and a basal surface, which may be different. In some embodiments, the distinct surfaces of a
polarized cell comprise different surface and/or transmembrane receptors and/or other structures. In
some embodiments, individual polarized celis inn a continuous monolayer have similarly oriented
apical surfaces and basal surfaces. In some embodiments, individual polarized cells in a continucus
monolayer have communicative structures between individual cells (e.g., tight junctions) to aliow
cross communication between individual cells and 1o create separation {e.g., compartmentalization}

of the apical compartment and basal compartment.

{0077} As used herein, “apical surface” means the surface of a cell that faces an external
environment ot toward a cavity or chamber, for example the cavity of an internal organ. With respect
to mammary epithelial cells, the apical surface is the surface from which the cultured milk product is

secreted.

10078} As used herein, “basal surface” means the surface of a cell that is in contact with a surface,
e.g., the matrix of a bioreactor.

[0879] As used herein, “bioreactor” means a device or systern that supports a biologically active
environment that enables the production of a cultured milk product described herein from mammary

cells described herein.

{0080} The term “lactogenic” as used herein refers to the ability to stimulate production and/or
secretion of milk. A gene or protein {e.g, prolactin) may be lactogenic, as may any other natural
and/or synthetic product. In some embodiments, a lactogenic culture medium comprises prolactin,

thereby stimulating production of milk by cells in contact with the culture mediur.

{6081} As used herein, the term “food grade” refers to materials considered non-toxic and safe for
consurnption {e.g., human and/or other animal consumption), e.g., as regulated by standards set by

the U.S. Food and Drug Administration.
Cell Constructs

{0082} Included herein are cell constructs for producing a cultured milk product representing the
biosynthetic output of cultured mammary epithelial cells (immortalized or from primary tissue
samples) and IgA producing cells, for example plasma cells. Disclosed herein, in certain
embodiments, are cell constructs for producing cultured milk products comprising sigA, the cell
constructs comprising: {a} a three dimensional scaffold having an exterior surface, an interior surface
defining an interior cavity/basal chamber, and a plurality of pores extending from the interior surface
to the exterior surface; (b} a matrix material disposed on the exterior surface of the three-
dimensional scaffold; (¢} a culture media disposed within the interior cavity/basal chamber and in
fluidic contact with the internal surface; (d} a population of plasma cells (PCs) disposed on the
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matrix material and (¢) a continuous monolayer of mammary cells disposed on the population of

plasma cells, the mammary cells selected from the group consisting of: (1) mammary epithelial cells,

Mammary Cells

10083] In some embodiments, the mammary cells comprise milk-producing mammary epithelial
cells (MECs), contractile myoepithelial cells, and/or progenitor celis that can give rise to both
mammary epithelial cells (MECs) and mammary contractile myoepithelial cells. Mammary
epithelial cells (MECs) are the only cells that produce milk. In some embodiments, the mammary
cells comprise mammary epithelial cells (MECs), primary mammary epithelial cells, nammary
myoepithelial cells and manumary progenitor cells. In some embodiments, the mammary cells are
obtained from a tissue biopsy of a mammary gland.

{0084} In some embodiments, the mammary cells are derived from breast milk-derived stem cells or
breast stem cells originating from tissue biopsy of a mammary gland. The epithelial component of
breast mitk includes not only mature epithelial cells, but also their precursors and stem cells in
culture. A subpopulation of breast milk-derived stem cells displays very high multilineage potential,
resembling those typical for human embryonic stem cells (hESCs). Breast stem cells may also
originate from tissue biopsy of the mammary gland, and include terminally differentiated MECs.
Both breast milk-derived stem cells and breast stem cells originating from tissue biopsy of the
maramary gland are wulti-potent cells that can give rise to MECs or myoepithelial cells.

{8085} In some embodiments, at least 50% of the mammary cells of the cells culture are polarized.
In some embodiments, at least 55% of the mammary cells of the cell culture are polarized. In some
embodiments, at least 60% of the mammary cells of the cell culture are polarized. In some
embodiments, at least 65% of the mammary cells of the cell culture are polarized. Tu sore
embodiments, at least 70% of the mammary cells of the cell culture are polarized. In some
embodiments, at least 75% of the mammary cells of the cell culture are polarized. 1n some
embodiments, at least 80% of the mammary cells of the cell culture are polarized. Tu sore
embodiments, at least 85% of the mammary cells of the cell culture are polarized. In some
embodiments, at least 90% of the mammary cells of the cell culture are polarized. 1n some
embodiments, at teast 95% of the mammary cells of the cell culture are polarized. In some
embodiments, at least 100% of the mammary cells of the cell culture are polarized. In some
embodiments, substantially all of the mammary cells of the cell construct are polarized (i.e., have an
apical surface and a basal surface). In some embodiments, substantially all the mammary cells of the
cell consiruct are polarized and substantially all the polarized cells are oriented in the same direction.
For example, in some embodiments, substantially all of the mammuary cells have an apical surface
and a basal surface, wherein the apical surface of substantially all of the cells is oriented in the same
direction and the basal surface of substantially all of the cells is oriented in the same direction.
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{8086} In some ernbodiments, the continuous monolayer of mammary cells has at least 70%
confluence over the scaffold. In some embodiments, the continuous monolayer of mammary cells
has at least about 75% confluence over the scaffold. In some embodiments, the continuous
monolayer of roammary cells has at least about 80% confluence over the scaffold. In some
embodiments, the continnous monolayer of mammary cells has at least about 85% confluence over
the scaffold. In some embodiments, the continuous monolayer of mammary cells has at least about
0% confluence over the scaffold. In some embodiments, the continuous monolayer of mammary
cells has at least about 95% confluence over the scaffold. In some embodiments, the continuous
monelayer of mammary cells has at least about 99% confluence over the scaffold. In some

embodiments, the continuous monelayer of mammary cells has 100% confluence over the scaffold.
Genetic Modifications to Manmnory Cells

{08871 In some embodiments, the mammary cells coraprise a constitutively active prolactin receptor
protein. In some embodiments, the mammary cells comprise a constitutively active human prolactin
receptor protein. Where the primary mammary epithelial cell or immortalized mammary epithelial
cells comprise a constitutively active prolactin receptor, the culture medium does not contain
prolactin.

{0088} In some embodiments, the constitutively active human prolactin receptor protein comprises a
deletion of amino acids 9 through 187, wherein the numbering is based on the reference amine acid

sequence of a human prolactio receptor identified as SEQ ID NO: 1.

{06689] SECQ 1B NG: 1: Human prolactin recepior (GenBank accession number AAD32032.1)

[6099] MEENVASATVFTLLLFLNTCLLNGQLPPCKPEIFKCREPNKETFTCWWRPGTDGGLP
TNYSLTYHREGETLMHECPDYITGGPNSCHFGKQYTSMWRTYIMMVNATNOMGSSFSDEL
YVDVIYIVOPDPPLELAVEVKQPEDRKPYLWIKWSPPTLIDLKTGWFTLLYEIRLKPEKAAE
WEIHFAGQOQTEFKILSLHPGOKYLVOVRCEKPDHGYWSAWSPATFIQIPSDFTMNDTTVWIS
VAVLSAVICLIVWAVALKGYSMVTCIFPPVPGPKIKGFDAHLLEKGKSEELLSALGCQDEPP
TSDYEDLLVEYLEVDDSEDQHLMSVHSKEHPSQGMEKPTYLDPDTDSGRGSCDSPSLLSEKC
EEPOQANPSTFYDPEVIEKPENPETTHTWDPQCISMEGKIPYFHAGGSKCSTWPLPOPSQHNPR
SSYHMNITDVCELAVGPAGAPATLINEAGKDALKSSQTIKSREEGKATQOREVESFHSETDGD
TPWLLPQEKTPFGSAKPLDY VEIHKVNKDGALSLL PKOQRENSGKPKEKPGTPENNKEYAKVS
GVMDNNILVLVPDPHARKNVACFEESAKEAPPSLEONQAEK ALANFTATSSKCRLOLGGLDY
LDPACFTHSFH

{6091} In some embodiments, the constitutively active human prolactin receptor protein comprising
a deletion of the following amino acids:

VETLLLFLNTCLENGQLPPGKPEIFKCRSPNKETFTCWWRPGTDGGLPTNYSLTYHREGETL
MHECPDYITGOPNSCHFGKOQYTSMWRTYIMMVNATNOMGSSFSDELYVDVTYIVQGPDPPL
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ELAVEVKOPEDRKPYLWIKWSPPTLIDLKTGWFTLLYEIRLKPEKAA (e.g, amino acid
positions 10 through 178 of SEQ 1D NG: 1)

{8092} In some embodiments, the mammary cells comprise a loss of function mutation introduced
into a circadian related gene PEK2. In some embodiments, the loss of function mutation introduced
into a circadian related gene FPER2 promotes increased synthesis of cultured milk components. In
some embodiments, the loss of function mutation in the PER2 gene comprises an 87-amino acid
deletion from position 348 to 434 in PER2, wherein the numbering is based on the reference amino

acid sequence of a human PERZ identified as SEQ ID NO: 2

{6093} SEO ID MNO: 2: Human Period circadian protein homolog 2 {GenBank accession
number NM 0228173

{8694} MINGYAEFPPSPENPTKEPVEPQPSQVPLGEDVDMSESGSSGHETNENCSTGRDSQGSD
CDDSGKIELGMLVEPPDARQSPDTFSLMMAKSEHNPSTSGCSSDQSSKVDTHKEL IKTLKEL
KVHLPADKKAKGKASTLATLKYALRSVKQVKANEEYYQLLMSSEGHPCGADVPSYTVEE
MESVTSERIVEKNADMFAVAVSLVSGKILYISDOVASIFHCKRDAFSDAKFVEFLAPHDVGVF
HSFTSPYKLPLWSMCSGADSFTQECMEEKSFFCRVSVRKSHENEIRYHPFRMTPYLVKVRD
QOGAESQLCCLLLAERVHSGYEAPRIPPERRIFTTTHTPNCLFODVDERAVPLLGYLPOD
LIETPYLVOLHPSDRPLMLAIHKKILOSGGUPFDYSPIRFRARNGEYITLDTSWSSKINY
WSRKISFHGRHEKVRVGPLNEDVFAAHPCTEEKALHPSIQELTEQIHRLLLQPVPHSGSSG
YGSLGSNGSHEHLMSQOTSSSDSNGHEDSRRRRAEICKNGNK TENRSHY SHESGEQKKKSVT
EMQOQTNPPAEKKAVPAMERKDSLGYSFPEELACKNQPTCSYQQGISCLDSVIRYLESCNEAATLK
RKCEFPANVPALRSSDKREKATVSPGPHAGEAEPPSRVNSRTGVGTHLTSEALPGKAESVASL
TSQCSYSSTIVHVGDEKPOPELEMVEDAASGPESLBCLAGPALACGLSQERKEPFKKLGLTKE
VEAAHTOKEEQSFLOKFKEIRKLSIFQSHCHYYLOERSKGOPSERTARPGLRNTSGIDSPWKK
TGKNRKLKSKRVKPRDSSESTGSGGPVSARPPLVGLNATAWSPSDTSQSSCPAVPFPAPVPA
AYSLPVFPAPGTVAAPPAPPHASFTVPAVPVDLOHQFAVQPPPFPAPLAPVMAFMLPSYSFP
SGTPNLPQAFFPSQPOFPSHPTLTSEMASASQPEFPEGGTGAMGTTGATETAAVGADCKPGT
SRODQGPKAPLTRDEPSDTONSDALSTSSGLLNLLINEDLCSASGSAASESLGSGSLGCDASPS
GAGSSDTSHTSKYFGSIDSSENNHKAKMNTGMEESEHFIKCVLQDPIWLLMADADSS VMM
TYQLPSRNLEAVLKEDREKLKLLOKLOPRFTESQKOQELREVHOWMOQTGGLPAAIDVAECY
YCENKEKGNICIPYEEDIPSLGLSEVSDTKEDENGSPLNHRIEEQT

{0095} In some embodiments, the loss of function mutation introduced into PER2 comprises a
deletion of the following amino acids:
CLFOQDVDERAVPLLGYLPODLIETPVLVQLHPSDRPLMLATHKKILOSGGQPFDYSPIRFRAR
NGEYITLDTSWSSFINPWSRKISFIIGRHKY (e.g., amino acid positions 341 through 434 of SEQ
D NO:2).
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{8096} In some embodiments, the mammary cells corprise a polynucleotide encoding a prolactin
receptor comprising a modified intracellular signaling domain. In some embodiments, the loss of
function mutation introduced into a circadian related gene PER2 promotes increased synthesis of
individual cultured midk components. In some embodiments, the prolactin receptor comprises a
truncation wherein position 154 of exon 10 has been spliced to the 37 sequence of exon 11, In some

embodiments, the prolactin receptor comprises a sequence according to SEQ 1D NO: 3.

{0097] SEQ 1D NO: 3: Human iscform 4 of Prolactin receptor (GenBank accession number
AF416619; Trott et al, 2003 J Mol Endocrinel 3O0(1131-47}

[8098] MKENVASATVFTLLLFLNTCLLNGQLPPGKPEIFKCRSPNKETFTCWWRPGTDGOGLP
TNYSLTYHREGETLMHECPDYITGGPNSCHFGKOQYTSMWRTY IMMVNATNQMGSSFSDEL
YVYDVTYIVQPDPPLELAVEVKQPEDRKPYLWIKWSPPTLIDLKTGWEFTLLYEIRLKPEKAAE
WEHFAGOQTEFKILSLHPGOKYLVOVRCKPDHGYWSAWSPATHFIQIPSDFTMNDTTVWIS

AVLSAVICLIVWAVALKGYSMVTCIFPPVPGPRKIKGFDAHLLEKGK SEELLSALGCOQDEPP
TSDYEDLLVEYLEVDDSEDQHLMSVHSKEHPSQGDPLMLGASHYKNLKSYRPRKISSQGRL
AVFTKATLTTVQ

[069%9] In some embodiments, the mammary cells comprise a polynucleotide encoding a modified
{e.g., recombinant) effector of a prolactin protein. In some embodiments, the modified effector of the
prolactin protein comprises a janus kinase-2 (JAKZ) tyrosine kinase domain. In some embodiments,
the modified effector comprises a JAK?2 tyrosine kinase domain fused to 4 signal transducer and
activator of transcription-5 {(STATS) tyrosine kinase domain {e.g., a polynucieotide encoding a
JAK?2 tyrosine kinase domain linked to the 37 end of a polynuclieotide encoding the STATS tyrosine
kinase domatn). In some embodiments, the modified effector of s prolactin protein promotes
increased synthesis of individual cultured milk components. In some embodiments, the modified
etfector has a sequence according to SEQ ID NO: 4. Bolded amino acids correspond to the JAK2
kinase domain of amino acid positions 757 through 1129 of a reference human JAK 2 amino acid

sequence.

(6190] SEQ ID NG: 4. STASA Hueman signal transducer and activater of transcription SA

fused at 3’ end to amino acids 757-1129 of JAK? human tvrosine-protein kinase

16101} MAGWIQAQQL QGDALROMOV LYGOHFPIEV RHYLAQWIES QPWDAIDLDN
PODRAGATOL LEGLVOELOK KAEHQVGEDG FLLKIKLGHY ATQLOKTYDR
CPLELVRCIR HILYNEQRLV REANNCSSPA GILVDAMSOK HLOINOTFEE LRLVTODTEN
FLKKLOOQTOE YFHOYQESL RIGAQFAQLA QLSPOERLSR ETALQOKQVS LEAWLQREAQ
TLOQYRVELA FKHOKTLQLL RKQQTILDD ELIQWKRRQQ LAGNGGPPEG
SLDVLQSWCE KLAEHTWOQNR QQIRRAEHLC QQLPIPGPVE EMLAEVNATI TDIISALVTS
TFHEKQPPQ VLK TQTKFAA TVRLLVGGKL NVHMNPPOVK ATISEQQAK SLLKNENTRN
ECSGEILNNC CYMEYHQATG TLSAHFRNMS LKRIKRADRR GAESVTEEKF TVLFESQFSV
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GSNELVEFQVK TLSLPWVIV HGSQDHNATA TVLWDNAFAE PGRVPFAVED
KVLWPQLCEA LNMKFRKAEV(Q SNRGLTKENL VFLAQELFNN SSSHLEDYSG
LSVSWSQFNR ENLPGWNYTF WOWFDGYMEY LKKHHKPHWN DGAILGFVNK
QOQAHDLLINK PDGTFLLRFES DSEIGGITIA WEFDSPERNL WNLKPFTTRD FSIRSLADRL
GDLSYLIYVE PDRPEKDEVES KYYTPVLAKA VDGYVKPOIK QWPEFVNAS ADAGGSSATY
MDQAPSPAVC POAPYNMYPQ NPDHVLDQDG EFDLDETMDY ARHVEELLRR
PMDSLDSRLS PPAGLFTSAR GSLSLDSQ RKLOQFYEDRH QLPAPKWAEL ANLINNCMBDY
EPDFRPSFRA HRDLNSLET PDYELLTEND MLPNMRIGAL GFSGAFEDRD PTOFEERHLEK
FLOQLGKGNF GSVEMCRYDP LODNTGEWA VKKLOHSTEE HLRDFEREIE HKXSLGHDNI
VKYKGVCYSA GRERNLKLIME YLPYGSLRDY LQKHKERIDH IKLLQYTSQI
CKGMEYLGTK RYIHRBLATR NILVENENRY KIGDFGLTKYV LPOQDKEYYKV
KEPGESPIFW YAPESLTESK FSVASDVWESE GWLYELFTY IEKSKSPPAE FMRMIGNDKG
GOMIVFHLIE LLKNNGRLPR PDGCPDEIYM IMTECWNNNY NORPSFRDLA LRVDQIRDN.

10102] In some embodiments, the mammary cells are immortalized. In some embodiments, the
mammary cells comprise one or more nucleic acids encoding human telomerase reverse transcriptase
(hTERT) or simian virus 40 (§V40). In some embodiments, the mammary cells comprise a small
hairpin BRNA (shRNA) to p16 (Inhibitor of Cyclin-Dependent Kinase 4) (p16(INK4)) and Master
Regulator of Cell Cycle Entry and Proliferative Metabolism (¢-MYC).

{6183} In some embodiments, the method comprises introducing into the mammary cell: (a)a
polynuclectide encoding a prolactin receptor comprising a modified intracellular signaling domain,
optionally wherein the prolactin receptor comprises a truncation wherein position 154 of exon 10 has
been spliced to the 3’ sequence of exon 11; {b) a polynucleotide encoding a chimeric prolactin
receptor that binds to a ligand, which is capable of activating milk synthesis in the absence of
prolactin; {¢) a polvnuclectide encoding a constitutively or conditionally active prolactin receptor
protein, optionally wherein the polynucleotide encodes a constitutively active buman prolactin
receptor protein comprising a deletion of amino acids @ through 187 (e.g., 2 deletion of amino acids
9 through 187, wherein the numbering is based on the reference amino acid sequence of a human
profactin receptor identified as SEQ ID NO: 1); {d) a polynuclectide encoding a modified (e.g.,
recombinant) effector of a prolactin protein comprising (i) a janus kinase-2 (JAKZ2) tyrosine kinase
domain, optionally wherein the JAKZ tyrosine kinase domain is fused to a signal transducer and
activator of transcription-5 (STATS) tyrosive kinase domain (e.g., a polyoucleotide encoding a
JAKZ tyrosine kinase domain linked to the 37 end of a polynuciectide encoding the STATS tyrosine
kinase domain};, and/or (ii) a prolactin receptor intracetlular domain fused to a JAKZ tyrosine kinase
domain; (e) aloss of function mutation into a circadian related gene PER2 (period circadian protein
homolog 23, and/or {f} a polynuclectide encoding one or more glucose transporter genes GLUT1

and/or GLUT12, thereby increasing the rate of nutrient uptake at the basal surface of the monolayer.
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Plasma Cells

j0104] Plasma cells are derived from a human donor. In some embodiments, the plasma cells are
derived from bone marrow, spleen, and/or a lymph node. a primary mammary tissue sample. In
certain embodiments, the plasma cells are derived from mucosal epithelial cells other than mammary
cells {e.g., from oronasal, gastrotutestinal, or respiratory tissue). In some embodiments, the plasma
cells are derived from a plasma celi Hine. In certain embodiments, the plasma cells are derived from a
plasmacyte cell line. In some embodiments, the plasma cells are isolated and sorted from non-plasma
cells via fluorescence-~-activated cell sorting, magnetic-activated cell sorting, and/or microfluidic cell
sorting. In some embodiments, plasma cells, plasmablasts, or pre-plasmablasts are sorted and
isolated by FACS analysis using markers known in the art {e.g., CD38, CD138 and/or CD19) In
certain embodiments, the plasma cells are cultivated with the immortalized mammary epithelial cells
on a scaftold, thereby producing a cell construct for producing a cultured milk product with
secretory products of the plasma cells and mammary cells (e.g., sigA}. In certain embodiments, the
plasma cells are grown on a scaffold below a monolayer of mammary cells. In certain embodiments,
the plasma cells are grown as dispersed populations of plasma cells overlayed by a monolayer of
mammary cells. In certain emboediments, the plasma cells are stimulated to preduce immunoglobins
during co-culture with mammary celis. In certain embodiments, the plasma cells produce one or
more imnmunoglobins of a class selected from IgG, IgM and IgA. In certain erubodiments the plasma
cells produce IgA. In certain embodiments, plasma cells produce IgA, and the IgA s processed by
marnmary epithelial cells to yield sIgA that is bound to secretory component, and the sigA is

secreted by the apical surface of the mammary cells.
Scaffolds

{6105} In some embodiments, the cell construct further comprises a scaffold having a top
surface/exterior surface and a bottom surface/interior surface. In some embodiments, the scaffold is
a 2-dimensional surface or a 3-dimensional surface {e.g., a 3-dimensional micropatterned surface,
and/or as a cylindrical structure that is assembled into bundles). A non-limiting example of a 2-
dimensional surface scaffold is a Transwell® filter. In some embodiments, the scaffold is a 3-
dimensional surface. Non-limiting examples of a 3-dimensional micropatterned surface include a
microstructured bioreactor, a decellularized tissue (e.g., a decellularized mammary gland or
decellularized plant tissue), micropatterned scaffolds fabricated through casting or three-dimensional
printing with biological or biocompatible materials, textured surface. In some embodiments, the
scaffold is produced by electrospinning cellulose vanofibers and/or a cylindrical structure that can be
assembled into bundles {e.g., a hollow fiber bioreactor). In some embodiments, the scaffold s
porous. In some embodiments, the scaffold is a 3D scaffold. In some embodiments, the 3-
dimenstonal scaffold is any structure which has an enclosed hollow interior/central cavity. In some

embodiments, the three-dimensional scatfold joins with one or more surfaces to form an enclosed
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interior chamber/basal compartment. For example, the scaffold can join with one or more walls of g
bioreactor to form the interior chamber/basal compartment. In some embodiments, the scaffold is a
hollow fiber bioreactor. In some embodiments, the 3D scaffold is & tube in which the central cavity
is defined by the interior surface of the scaffold. In sorme embodiments, the 3D scaffold is a hollow

sphere in which the central cavity is defined by the interior surface of the scaffold.

{8186} For in vitro culture methods for studies of intestinal absorption, 2-dimensional surface
scaffold such as Transwells® have long been used as the standard as they provide both apical and
basolateral spaces to simulate the gut-blood-barrier and enable both active and passive transport of

to cells in vivo, partly due to the poor representation of the 3-D extracellular microenvironments.

{0187} A 3-dimensional scaffold allows the cells {e.g., MECs and plasma cells) to grow or interact
with their surroundings o all three dimnensions. Unlike 2D environments, a 3D cell culture allows
cells in vitro to grow in all directions, approximating the 7 vive mammary environment. Further, the
3D scaftold allows for a larger surface area for culture of the cells and for metabolite and gas
exchange, plus it enables necessary compartmentalization — enabling the cultured milk product to be
secreted into one compartment, while the cell culture media is contacted with the mammary cells and
plasma cells in another compartment. To date, a confluent monolayer with polarized separation of
basal and apical cell surfaces using mammary epithelial cell on a 3D surface has not been achieved
{Sharfsiein et al. 1992}

{0108} In some embodiments, the scaffold is porous. In some embodiments, the scaffold is
permeable to the cell media, allowing the cell media to contact the celis of the cell monolayer. In
some embodiments, the scaffold 1s transversed by at least one pore that allows the cell media to

contact the basal surface of the cells of the cell monolayer.

{¢109] In some embodiments, the top surface/exterior surface of the scaffold is coated with a matrix
material. In some embodiments, the matrix s made up of one or more extracellular matrix proteins.
Non-limiting examples of extracellular matrix proteins include collagen, lamivin, entactin, tenascin,
and/or fibronectin, In some embodiments, the scaffold comprises a natural polymer, a biocompatible
synthetic polymer, a synthetic peptide, and/or a composite derived from any combination thereof. In
some embodiments, a natural polymer useful with this invention includes, but is not limited to,
collagen, chitosan, cellulose, agarose, alginate, gelatin, elastin, heparan sulfate, chondroitin sulfate,
keratan sulfate, and/or hyaluronic acid. In some embodiments, a biocompatible synthetic polymer
useful with this invention includes, but is not imited to, cellulose, polysulfone, polyvinvlidene
fluoride, polyethylene co-vinyl acetate, polyvinyl alcohol, sodium polyacrylate, an acrylate polymer,
and/or polyethylene glycol. In some embodiments, the top of the scaffold is coated with laminin and

collagen.
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{8110} In some embodiments, the matrix material is porous. In some embodiments, the matrix
material is permeable to the cell media, allowing the cell media to contact the cells of the cell
monolayer. In some embodiments, the matrix material is transversed by at least one pore that allows

the cell media to contact the basal surface of the cells of the cell monolayer.

[8111] In some embodiments, the pore size of the scaffold and/or matrix material 1s at feast about

0.1 pm. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.2 pm. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.3 pm. In some embodiments, the pore size of the scaffold and/or matiix material 18 at least about
0.4 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.5 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.6 um. In some embodiments, the pore size of the scaffold and/or matrix material 18 at least about
0.7 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.8 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
0.9 pm. In some embodiments, the pore size of the scatfold and/or matrix material is at least about
1.0 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
1.1 um. In some embodiments, the pore size of the scaffold and/or matrix material s at least about
1.2 um. In some embodiments, the pore size of the scattold and/or matrix material is at least about
L3 pm. In

=

some embodiments, the pore size of the scaffold and/or matrix material is at least about
1.4 um. In some embodiments, the pore size of the scaffold and/or matrix material s at least about
1.5 um. In some embodiments, the pore size of the scattold and/or matrix material is at least about
1.6 pum. In

=

some embodiments, the pore size of the scaffold and/or matrix material is at least about
1.7 um. In some embodiments, the pore size of the scaffold and/or matrix material s at least about
1.8 pm. In some embodiments, the pore size of the scatfold and/or matrix material 13 at least about

19 um. In

=

some embodiments, the pore size of the scaffold and/or matrix material is at least about

=

2.6 um. In some embodiments, the pore size of the scaffold and/or matrix material is at {east about

1 pm. In some embodiments, the pore size of the scaftold and/or matrix material 13 at least about

PN

Zum. In

=

some embodiments, the pore size of the scaffold and/or matrix material is at least about

.3
o]

2 um. In some embodiments, the pore size of the scaffold and/or matrix material is at {east about

2.3 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about

=

2.4 pm. In some embodiments, the pore size of the scaffold and/or matrix material is at least about

2.5 um. Is

=

some embodiments, the pore size of the scaffold and/or matrix material is at least about
2.6 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about
2.7 pra. In some embodiments, the pore size of the scaffold and/or matrix material is at least about

28 um. Is

=

some embodiments, the pore size of the scaffold and/or matsix material is at least about
2.9 um. In some embodiments, the pore size of the scaffold and/or matrix material is at least about

3.0 pm.
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{8112] In some embodiuments, the cell construct comprises: {a) a three dimensional scaffold having
an exterior surface, an interior surface defining an interior cavity/basal chamber, and a plurality of
pores extending from the interior surface to the exterior surface; (b) a matrix material disposed on
the exterior surface of the three-dimeunsional scaffold; (¢) a culture media disposed within the interior
cavity/basal chamber and in fluidic contact with the internal surface; {d) a population of plasma cells
(PCs) disposed on the matrix material and (e} a continuous monolayer of mammary cells disposed
on the population of plasma cells, the mammary cells selected from the group consisting oft (i)
mammary epithelial cells, (i) mammary myoepithelial celis, and (111} mammary progenitor cells;
wherein the continuous monolayer mammary epithelial cells has an apical surface and a basal

surface {e.g., the cells form a polarized and confluent cell monolayer).
Bioreactor

{0113} Disclosed herein, in certain embodiments, are bloreactors, comprising: {a) an apical
compartment comprising a cultured milk product; and (b} at feast one cell consiruct comprising: (a} a
three dimensional scaffold having an exterior surface, an interior surface defining an interior
cavity/basal chamber, and a plurality of pores extending from the interior surface to the exterior
surface; (b} a matrix material disposed on the exterior surface of the three-dimensional scaffold; (cia
culture media disposed within the interior cavity/basal chamber and in fluidic contact with the
internal surface; {d} a population of plasma cells (PCs) disposed on the matrix material and {2} a
continuous monolayer of mammary cells disposed on the population of plasma cells, the mammary
cells selected from the group consisting of: (1) mammary epithelial cells, (i) mammary
myoepithelial cells, and (i) mammary progenitor cells. In certain embodiments, the cell construct of
the bioreactor comprises at least a 70% confluent monolayer of polarized mammary cells disposed
on the matrix material, wherein the mammary cells are selected from the group consisting of:
mammary epithelial cells, mammary myoepithelial cells, and mammary progenitor celis; wherein the

apical surface of the mamary cells is in fluidic contact with the apical compartment.

{6114} In some embodiments, the bioreactor is an enclosed bioreactor. In some embodiments, the

apical chamber is substantially isolated from the interior cavity/basal compartment.

{8115} A hollow fiber bioreactor is an exemplary bioreactor for use with the methods disclosed here.
The hollow fiber bioreactor is a high-density, continuous perfusion culture system that closely
approximates the environment in which cells grow in vivo. It consists of thousands of semi-
permeable 3D scaffolds (i.e, hollow fibers) in a parallel array within a cartridge shell fitted with
inlet and outlet ports. These fiber bundles are potted or sealed at each end so that any liquid entering
the ends of the cartridge will necessarily flow through the interior of the fibers. Cells are generally
seeded cutside the fibers within the cartridge in the extra capillary space (ECS).

{6116} Three fundamental characteristics differentiate hollow fiber cell culture from other methods:

(1} cells are bound to a porous matrix much as they are in vivo, not a plastic dish, microcarrier or
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other impermeable support, (2) the molecular weight cut off of the support matrix can be controlled,
and (3) extremely high surface area to volume ratio (150 cm? or more per mL) which provides a
targe area for metabolite and gas exchange for efficient growth of host cells.

{0117} The bioreactor structure provides a fiber matrix that allows permeation of nutrients, gases
and other basic media compounents, as well as cell waste products, but not cells, where the cells can
be amplified. Hollow fiber bioreactor technology has been used to obtain high density cell
amplification by utilizing hollow fibers to create a semi-permeable barrier between the cell growth
chamber and the medium flow. Since the surface area provided by this design is large, using this
fiber as a culnure substrate allows the production of large numbers of cells. Cells growing in the 3~
dimensional environment within the bioreactor are bathed i fresh medium as it perfuses through the
hollow fibers.

{B118] To replicate the topography of the intestine, Costello et al. developed a 3-D printed
bioreactor that can both contain porous villus scaffolds via micromolding {Costello et al. 2017
Scientific Reports 7{12515): 1-10). This geometrically complex molded scaffold provided separation
of the apical and basolateral spaces in a manner in which fluid flow exposes intestinal epithelial celis
to physiciogically relevant shear stresses (Costelio et al. 2017}, Similarly, a long-term culture in
vitro culture in a simulated gut-like environment was created by Morada et al. using a hollow fiber
bioreactor which allowed for two controlled separate environments (biphasic) to provide host cells
with oxygen and nutrients from the basal layer, while allowing a low oxygen nuirient rich
environment to be developed on the apical surface (Morada et al. 20106 International Journal for

Parasitciogy 26: 21-29).

[011%] In configuring the hollow fiber bioreactor, there are design considerations and parameters
that can be varied depending upon the goals associated with expansion of the cells. One such design
consideration is the size of the pores in the fiber wall. This is generally designed to allow the passage
of nutrients to the cells, carry away waste, provide desired products to the cells (such as growth
factors}, to remove desired products from the cells, and exclude certain factors that may be present
from reaching the cells. Accordingly, the pore size of the fiber walls can be varied to modify which
components will pass through the walls. For example, pore size can allow the passage of large
proteinaceous molecules, including growth factors, including, but not limited to, epidermal growth
factor and platelet-derived growth factor. The person of ordinary skill in the art would understand
how to vary the pore size depending upon the components that it is desirable to pass through the
fiber walls to reach the cells or {o carry material from the cells.

{6129} In some embodiments, the pore size is about 0.2 um. In some embodiments, the pore size is
about 0.1 In some embodiments, the pore size is about 0.2 pm. In some embodiments, the pore size
is about 0.3 pwm. In some embodiments, the pore size is about 0.4 pum. In some embodiments, the

pore size is about 0.5 um. In some embodiments, the pore size is about 0.6 um. In some
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embodiments, the pore size 18 about 0.7 yrn. In some embodiments, the pore size is about 0.8 um. lo
some embodiments, the pore size is about 0.9 pm. In some embodiments, the pore size is about 1.0
wra. In some embodiments, the pore size is about 1.1 ym. In some embodiments, the pore size 18
about 1.2 um. In some embodiments, the pore size is about 1.3 wn. In some embodiments, the pore
size is about 1.4 ym. In some embodiments, the pore size is about 1.5 um. In some embodiments, the
pore size is about 1.6 um. In some embodiments, the pore size is about 1.7 um. In some
embodiments, the pore size i3 about 1.8 uro. In some embodiments, the pore size is about 1.9 um. In
some embodiments, the pore size is about 2.0 pm. In some embodiments, the pore size is about 2.1
um. In some embodiments, the pore size is about 2.2 um. In some embodiments, the pore size is
about 2 2 um. In some embodiments, the pore size 1s about 2.3 pm. In some embodiments, the pore
size is about 2.4 ym. In some embodiments, the pore size is about 2.5 um. In some embodiments, the
pore size is about 2.6 um. In some embodiments, the pore size is about 2.7 um. In some
embodiments, the pore size is about 2.8 um. In some embodiments, the pore size is about 2.9 um In

some embodiments, the pore size 15 about 3.0 pm.
Methods of Making Cefl Construcis

{0121} Disclosed herein, in certain embodiments, are methods of making a cell construct for
producing a cultured milk product comprising immunoglobulins. In some embodiments, the method
comprises (a) depositing (1) 1solated mammary epithelial cells, mammary myoepithehal cells and/or
mammary progenitor cells, and (it) isolated plasma cells on the upper surface of a scaffold having an
upper surface and fower surface to produce a mixed population of plasma celis and mammary cells
{(i.e., mammary epithelial cells, mammary myocepithelial cells and/or mammary progenitor cells); (b)
cultivating the mixed population of mammary cells and plasma cells of {a) on the scaffold, to
produce a monolayer of polarized mammary cells located adjacent to and above the plasma cells,
wherein the plasma cells are located adjacent to and above the upper surface of the scaffold, wherein
the upper surface is located adjacent to and above the lower surface of the scaffold, and wheretn the
polarized mammary cells comprise an apical surface and a basal surface, thereby producing a cell
construct for producing the cultured milk product. In some embodiments, the mammary cells are
primary mammary cells. In some embodiments, the mamumary cells are derived from a cell culture.
in some embodiments, the mammary epithelial cells, myoepithelial cells and/or mammary
progenitor cells are isolated from bone marrow, spleen tissue, lymph node tissue, mammary explants
from mammary tissue (e.g., breast, udder, teat tissue), or raw breasimilk. In sorme embodiments, the
mammary cells comprise mammary epithelial cells. In some embodiments, the mammary cells,
comprise mammary myoepithelial cells. In some embodiments, the mammary cells, comprise
maromary progeniior cells. In some embodiments, the plasma cells are isolated from any suitable
human tissue or a cell culture. In some embodiments, the mammary cells and plasma cells are
deposited concurrently. In some embodiments, the plasma cells are deposited onto the surface of the
scaffold prior to the deposition of the mammary cells.
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{8122} In some embodiments, the method comprises {a) depositing (i) isolated immortalized
mammary epithelial cells, mammary myvoepithelial cells and/or mammary progenitor cells, and (i1}
isolated plasma celis on the upper surface of a scaffold having an upper surface and lower surface to
produce a mixed population of plasma cells and immortalized wammary cells (e, immortalized
mammary epithelial cells, immortalized mammary mvoepithelial cells and/or timmortalized
mammary progenitor cells); (b) cultivating the mixed population of immortalized mammary cells
and plasma cells of (a) on the scaffold, to produce a monolayer of polarized immortalized mammary
cells located adjacent to and above the plasma cells, wherein the plasma cells are located adjacent to
and above the upper surface of the scaffold, wherein the upper surface is located adjacent to and
above the lower surface of the scaffold, and wherein the polarized immortalized mammary celis
comprise an apical surface and a basal surface, thereby producing a cell construct for producing the
cultured milk product. In some embodiments, the immortalized mammary cells comprise
immortalized mammary epithelial cells. In some embodiments, the immeortalized mammary cellg,
comprise immortalized mammary myoepithelial cells. In some embodiments, the immortalized
mammary cells, comprise immortalized mammary progenitor cells. In some embodiments, the
plasma cells are isolated from any suitable human tissue or a cell culture. In some embodiments, the
immortalized mammary cells and plasma cells are deposited concurrently. Tn some embodiments, the
plasma cells are deposited onto the surface of the scaffold prior to the deposition of the immortalized
mammary cells. In certain embodiments, plasma cells are added to the culture of immortalized
marmary epithelial cells to produce a co-culture of mammary cells and plasma cells. In certain
embodiments, the plasma cells are cultivated with the immortalized mammary epithelial cells on the
scaffold, thereby producing a cell construct for producing a cultured milk product with secretory
products of the immune cells and mammary cells (e.g, sigA). Tn certain embodiments, the isolated

mammary cells are immortalized prior to co-culture of the cells.

{6123} In certain embodiments, the immune cells are stimulated to produce immunoglobins during
co-culture. In certain embodiments, the immune cells produce one or more immunoglobins of a class
selected from 1gG, IgM and IgA. In certain embodiments the imumune cells produce secretory IgA.
(lasses of immunoglobins produced by the immune cells include one or more IgA, 1gM, and IgG. In
cerfain embodiments, immune cells are co-cultured with MECs in a bioreactor according to methods
described herein. In certain embodiments, the bioreactor is a hollow {iber bioreactor described
herein.

{8124} In certain embodiments, mammary cells are modified and/or stimulated with prolactin
according to the methods described herein to stimulate and optimize milk production. In certain
embodiments, the mammary cells are modified to express a constitutively active prolactin receptor

protein.
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{8125} In certain embodiments, mammary cells are identified and isolated from mammary tissue
samples. In some embodiments, the mammary cells are isclated and sorted via fluorescence-
activated cell sorting, magnetic-activated cell sorting, and/or microfluidic cell sorting. In certain
embodiments, the mammary epithelial celi populations are sorted by FACS analysis using markers
known in the art for identifying the cell populations. la certain embodiments, myoepithelial
mammary cells and luminal epithelial mammary cells are isolated by FACS analysis. In certain
embodiments, progenitor myoepithelial mammary cells and/or progenitor luminal epithelial
mammary cells are isolated by FACS analysis. Any suitable method known tn the art for sorting
mammary epithelial cells (e.g., luminal epithelial cells), myoepithelial cells, progenitor cells, and
immune cells can be used. For example, mammary cells can be sorted using CD24, EPCAM and/or
C049f, cell surface markers.

{0126} In some embodiments, plasma cells are identified and isolated from primary mucosal tissue
{e.g., oronasal, gastrointestinal, respiratory or mammary}. In some embodiments, plasma cells are
identified and isolated from primary mammary tissue samples. In some embodiments, the plasma
cells are isolated and sorted via fluorescence-activated cell sorting, magnetic-activated cell sorting,
and/or microfluidic cell sorting. In certain embodiments, plasma cells are sorted and isolated by
FACS analysis. In certain embodiments plasma cells, plasmablasts, or pre-plasmablasts are sorted
and isolated by FACS analysis using markers known i the art {(e.g., CD20, CD38§, CD138 and/or
CD19).

18127} In some embodiments, the culturing and/or cultivating of the mammary cells and plasma
cells for the cell construct is carried out at a temperature of about 35°C to about 39°C {e.g, a
temperature of about 35°C, 35.5°C, 36°C, 36.5°C, 37°C, 37.5°C, 38°C, 38.5°C or about 39°C, or
any value or range therein, e.g., about 35°C to about 38°C, about 36°C to about 39°C, about 36.5°C
to about 39°C, about 36.5°C to about 37.5°C, or about 36.5°C to about 38°C). In some

embodiments, the culturing and/or cultivating is cartied out at a temperature of about 37°C.

{6128} In some embodiments, the culturing and/or cultivating of the mammary cells and plasma

cells for the cell construct is carried out at an atmospheric concentration of COz of about 4% to about

6%, e.g., an atmospheric concentration of CO of about 4%, 4.25%, 4.5%, 4.75%, 5%, $.25%, 5.5%,
5.75%, or 6% or any value or range therein, e.g., about 4% to about 5.5%, about 4.5% to about 6%,

about 4.5% to about 5.5%, or about 5% to about 6%;). In some embodiments, the culturing and/or

cultivating is carried out at an atmospheric concentration of CO» of about 5%.

{6129] In some embodiments, the culturing and/or cultivating of the mammary cells and the plasma
cells for the cell construct comprises culturing and/or cultivating in a culture roedium that is
exchanged about every day to about every 10 days (e.g., every 1 day, every 2 days, every 3 days,
every 4 days, every S days, every 6 days, every 7 days, every 8 days, every 9 days, every 10 days, or
any value or range therein, ¢.g., about every day to every 3 days, about every 3 days to every 10
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days, about every 2 days to every S days). In some embodiments, the culturing and/or cultivating
further comprises culturing in a culture medium that is exchanged about every day to about every
few hours to about every 10 days, e.g., abouteverv 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 14,
17,18, 19,20, 21, 22, 23, or 24 hours to about every 1,2, 3. 4, 5,6, 7, 8, 9, or 10 days or any value
or range therein. For exampie, in some embodiments, the culturing and/or cultivating further
comprises culturing and/or cultivating in a culture medium that is exchanged about every 12 houss to
about every 10 days, about every 10 hours to about every 5 days, or about every 5 hours to about

every 3 days.

{8138} In some embodiments, the cell construct is stored in a freezer or in liquid nitrogen. The
storage temperature depends on the desired storage length. For example, freezer temperature {e.g.,
storage at a terperature of about 0°C to about -80°C or less, e.g., about 0°C, -10°C, -20°C, -30°C, -
40°C, -50°C, -60°C, -70°C, -&0°C, ~90°C, ~100°C or any value or range therein) may be used if the
cells are to be used within 6 months (e.g., within 1, 2, 3, 4, 5, or 6 months). For example, liquid
nitrogen may be used (e g, storage at a temperature of -100°C or less {e.g., about ~100°C, -110°C, -
126°C, 130, -140, -150, 160, ~170, -180, ~190°C, -200°C, or less) for longer term storage (.9,

storage of 6 months or longer, e g, 6,7, 8,9, 10, 11, or 12 months, or |, 2, 3, 4, 5, 6 or more years).

3 #y

Cultured Milk Products

{6131} The present disclosure relates to cultured milk products that comprise protein, lipid, and
oligosaccharide components and component concentrations that mumic human breast milk as
produced by a lactating female, which compositions are produced, at least in part, by i vifre and/or

ex vive cultured mammary cells.

10132} In some embodiments, two compositionally defined products can be obtained depending on
the cellular inputs and culture conditions: (&) a functioval nutrition product representing the
biosynthetic cutput of cultured mammary epithelial cells (immortalized or from primary tissue
samples); and (b) a similar product further comprising immunoglobulins, produced when plasma
cells (PCs) are co-cultured with mammary epithelial cells. Plasma cells can be derived from a

primary mammary tissue sample or, e.g., from a plasma cell line.

16133} Contemplated product compositions of the present disclosure can be defined by total levels
of protein, lipid, and carbohydrate (Tables 1A-1C) and/or by a signature of specific macronutrient

components {Tables 2A-2C) present in concentrations and proportions consistent with human milk.

36



WO 2021/242866

PCT/US2021/034267

Table 1A, Macromolecular Composition of Functional Nuirition Products Collected from
Human Mammary Epithelial Cells Caltured With or Without Plasma Celis.

Macromolecular Fraction Concentration, g/l Dowt Source
Protein 3-217 1-44 MECs

Total Immunoglobulin® 0.4-1.8 0.14-3.75  PCs

Lipid 9-135 3. 1-95+ MECs
HMO 3.5-21 1.2-44 MECs
Lactose 32-115 11-95+ MECs

Total macromolecular content 48-293 MECs + PCs
Energy (keal/L) 375-1725

HMO, human milk oligosaccharide. MEC, mammary epithelial cell; PC, plasma cell.

* Non-immunoglobulin protein content.

b Formulations lacking immunoglobulin content can be derived from MEC culture in the absence of
plasma cells. Formulations with immunoglobulin content can be obtained by coculture of MECs
with plasmacytes.

¢ Long-chain fatty acids linoleic acid and alpha-linoleic acid are not synthesized by mammalian cells

and are suppiemented in cell culture media.

Table 1B. Macromolecular Compsosition of Functional Nutrition Preducts Collected from
Human Mammary Epithelial Cells Cultured With or Without Plasma Cells,

Macromolecular Fraction Concentration, g/l Yewt Source
Protein 4.5-17.5% 1.8-24 MECs

Total Immunoglobulin® 0.6-1.5 0.25-2.1 PCs

Lipid 13.5-111 S.5-095+ MECs
HMO 5.25-17.5 2.2-24 MECs
Lactose 48-96 2095+ MECs

Total macromolecular content [71.9-244 MECs + PCs
Energy (keal/L)} 375-1438

HMO, human milk oligosaccharide. MEC, mammary epithelial cell; PC, plasma cell.

* Non-immunoglobulin protein content.

b Formulations lacking immunoglobulin content can be derived from MEC culture in the absence of
plasma cells. Formulations with immunoglobulin content can be obtained by co-culture of MECs
with plasmacytes.

“Long-~chain fatty acids linoleic acid and alpha-iinoleic acid are not synthesized by mammalian cells

and are supplemented in cell culture media.
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Table 1C. Macromolecular Composition of Functional Nuirition Products Collected from
Human Mammary Epithelial Cells Caltured With or Without Plasma Celis.

Macromolecular Fraction Concentration, g/l Powt Savol  {Source
Protein (-144 3-15 1 MECs

Total Immunoglobulin® 0.8-1.2 c4-13 0.1 PCs

Lipid 18-89 992 4 MECs

HMO 7-14 4-15 2.4 MECs
Lactose 64-77 33-80 4.6 MECs

Total macromolecular content 35.8-195.2 10-15  IMECs = PCs
Energy (kcal/L} 500-1150

HMO, human milk oligosaccharide. MEC, mammary epithelial cell; PC, plasma cell.

# Non-immunoglobulin protein content.

® Formulations lacking immunoglobulin content can be derived from MEC culture in the absence of
plasma cells. Formulations with immunoglobulin content can be obtained by co-culture of MECs
with plasmacytes.

* Long-chain fatty acids linoleic acid and alpha-iinoleic acid are not synthesized by mammalian cells
and are supplemented in cell culture media.

{6134} In some embodiments, the concentrations of components indicated in Tables 1A-1C can
vary, each individually, for example, by having a concentration that is greater than that indicated by
0.1 fold, or 0.2 fold, or 0.3 fold, or 0.4 fold, or 0.5 fold, or 0.6 fold, or 8.7 fold, or 0.8 fold, or 0.9
fold, or1,2,3,4,5,6,7, 8,9, or 10 fold.

{0135} In some embodiments, the concentrations of components indicated in Tables 1A-1C can
vary, each individually, for exarmple, by having a concentration that is less than that indicated by 0.1
fold, or 0.2 fold, or §.3 fold, or 0.4 fold, or 0.5 fold, or 0.6 fold, or 0.7 fold, or 0.8 fold, or 0.9 fold.

{6136} In some embodiments, milk products are contemplated herein that include a subset of the
components {i.e., macromolecular fractions) of Tables 1A-1C. In other embodiments, milk products
contermplated herein can exclude one or more of the components (i.¢., macromolecular fractions) of
Tables 1A-1C.

Table 2A. Macromolecuiar Content and Concentration Ranges of Functional Nutrition
Products Derived from Human Mammary Epithelial Cells Cultured With or Without Plasma
Cells,

Macromolecular Fraction Concentration, o/L
Protein

P-Casein 0.25-19
K-Casein 0.25-0.9

a-Casein 0.05-0.75
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a-Lactalbumin 1.35-4.9
Lysozyme 0.2-G.75
Lactoferrin 0.3-3
Haptocorrin 0.03-1.1
Butyrophilin 0.02-0.075
Osteopontin 0.025-0.3
Mucin MCS (.25-0.9
Mucin BrE3 0.25-1.1
Lactadherin 0.03-1.1
Immunoglobulins 0.1-3
Secretory IgA 0.1-1.5

0.07-2.4

0.02-0.45
Total IgA Total Ig(G Total IgM 0.005-0.2
Lipids
Saturated fatty acids 2.5-51
Paimitic acid (C16:0} 2-27
Stearic acid (Ci8:.0) 0.35-7.5
Lauric acid (C12:0) 0.25-7.5
Monounsaturated faity acids 3.5-69
Oleic acid (Ci8:1 n-9 2) 3.5-68
Polyunsaturated fatty acids 1-30
Linoleic acid, LA 1-29
(CI8:2n-6 %) 0.25-1.1
a-Linolenic acid, ALA (C18:3 n-3} 0.25-1.1
Eicosadienoie acid (C20:2) 0.25-1.1
Arachidonic acid, AA (€264 n-0) 0.15-8
Dihomo-y-linolenic acid, DGLA (€203 n-6) 0.01-0.6
Docosahexadienoic acid, DHA (C22:6 u-3) Cholesterol 0.045-0.22
Phospholipids, plasmalogens, sphingolipids 0.05-0.6
Human Milk Oligosaccharides 0.8-4.8
Neutral 0.8-4.8
TF-LNH (trifucosyllacto-N-hexose) 2°-FL (2’-fucosyllactose) [0.8-4.8
DF-LNHH (difucosyHacto-N-hexaose) 0.4-2.4
LNFP {1 acto-A-fucopentaose I) 0.16-2.4
LNDFHI (lacto-N-difucosylhexaose I) 0.23-1.8
LNT {(lacto-A-tetraose) 0.4-1.8
LNnT {lacto-A-neotetraose) 0.08-1.2
DF-L (Difucosyliactose) 3-FL (3-fucosyllactose)} Acidic 0.16-1.8
6’-SL (6 -sialyllactose) 0.16-1.44
DS-LNT (distalyliacto-A-tetraose) 0.04-1.2
FS-LNnH 1 (fucosyl-sialyl-lacto-N-neohexaose I} LST ¢ 0.04-0.84
(sialyl-lacto-A-~tetraose ¢} 0.04-0.84
3°-SL {3 -sialyllactose) 0.08-036
Lactose 34-104
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Table 2B. Macromolecular Content and Concentration Ranges of Functional Nuirition
Products Derived from Human Mammary Epithelial Cells Caltuved With or Without Plasma
Cells.

Macromolecular Fraction Concentration, g/L,
Protein

B-Casein 0.38-1.9
K-Casein 0.38-0.75
a-Casein 0.08-0.63
a-Lactalbumin 2.0-4.13
Lysoryme 0.15-0.63
Iactoferrin 0.8-2.5
Haptocorrin 0.05-0.89
Butyrophilin 0.02-0.063
Osteopontin 0.04-0.25
Mucin MC3 0.38-0.75
Mucin BrE3 0.38-0.89
Lactadherin 0.045-0.09
Immunoglobulins 0.15-2.5
Secretory IgA 0.15-1.25
Total IgA 0.11-2

Total Ia(s

0.02-0.38

Total IgM

0.0075-0.13

Lipids

Saturated fatty acids 3.75-43
Palmitic acid {C16.0) 2.25-23
Stearic acid (CI8:0) 0.53-6.3
Lauric acid (C12:0) 0.38-6.3
Monounsaturated fatty acids 5.25-58
Olete acid (Ci8:1 n-9 4) 5.3-56
Polyunsaturated fatty acids 1.5-25
Linoleic acid, LA .
(CI82 n-6 2) 1325
a-Linotenic acid, ALA {C18.3 n-3) (0.38-0.89
Eicosadienoic acid {C20:2) 0.38-0.89
Arachidonic acid, AA (C20:4 n-6) 0.38-0.89

Dihomo-y-linolenic acid, DGLA (€203 n-6)

0.23-0.03
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Docosahexadienoic acid, DHA (C22:6 n-3) 0.015-0.5
Cholesterol 0.07-0.19
Phospholipids, plasmalogens, sphingolipids 0.075-0.5
Human Milk Oligosaccharides

Neutral

TF-LNH (trifucosyllacto-N-hexose) 0.9-4.4
2°-FL. (2" -fucosyHactose) 0.9-4 4
DF-LNHI (difucosyllacio-N-hexaose) 0.9-4.4
LINFP I {1 acto-A-fucopentaose 1) 0.45-2.2
LNDFHI (lacto-N-difucosylhexaose ) 0.18-2.2
LNT (lacto-A-tetraose) 0.27-1.7
LNnT (lacto-A-neotetracse} 0.4-1.7
DF-L {Difucosyllactose) 0.09-1.1
3-FL (3-fucosyllactose) 0.18-17
Acidic

6°-SL (6" -sialyllactose) 0.18-13
DS-LNT (distalyliacto-A-tetraose) 0.04-1.1
FS-LNnH 1 (fucosyl-sialyl-lacto-N-nechexaose I} 0.04-0.8
LST ¢ (si alyl-lacto-A-tetraose c) 0.04-0.8
3°-SL (3 -sialyllactose) 0.09-0.33
Lactose 50-98

Table 2C. Macromeolecular Content and Concentration Ranges of Functional Nutrition
Products Derived from Human Mamwmary Epithelial Cells Cultured With or Without Plasma
Cells.

Macromolecular Fraction Concentration, g/l
Protein

B-Casein 0.5-1.5
K-Casetn 0.5-0.6
a-Casein 0.1-0.5
a-Lactalburoin 2.7-33
Lysozyme 0.2-0.5
Lactoferrin 1-2
Haptocorrin 0.07-0.7
Butyrophilin 0.03-0.0S
Osteopontin 0.05-0.2
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Mucin MC3 0.5-0.6
Mucin BrE3 0.5-0.7
Lactadherin 0.06-0.07
Immunoglobulins 0.2-2
Secretory IgA 02-10
Total IgA 0.15-16
Total IgGG 0.03-0.3
Total IgM 0.01-0.1
Lipids
Saturated fatty acids 5-34
Palmitic acid (C16:0) 3-18
Stearic acid (CI18:0) 0.7-5
Lauric acid (C12:0) 0.5-5
Monounsaturated fatty acids 7-46
Oleic acid (Ci8:1 n-9 Z) 745
Polyunsaturated fatty acids 2-20
Linoleic acid, LA (C182n-6 7} 2-19
a-Linolenic acid, ALA (C18:3 n-3) 0.5-0.7
Eicosadienoic acid (C20:2) 0.5-0.7
Arachidonic acid, AA (C20:4 n-6) 0.5-0.7
Dihome-y-iinolenic acid, DGLA (€203 n-6) 0.3-0.5
Docosahexadienocic acid, DHA {{22:6 n-3} 0.02-0.4
Cholesterol 0.09-0.15
Phospholipids, plasmalogens, sphingolipids 0.1-0.4
Human Mitk Oligosaccharides Neutral
TH-LNH (trifucosyllacto-N-hexose) 1-4
2 -FL (27-fucosyliactose) 1-4
DF-LNHI {difucosyllacto-N-hexaose) 1-4
LINFP {1 acto-A-fucopentaose I} 0.5-2
LNDFRI {Jacto-N-difucosylhexaose ) 0.2-2
LNT {lacto~-A-tetracse) 0.3-1.5
LNoT (Jacto-A-neotetraose) 0.5-1.5
DF-L (Difucosyllactose) 0.1-1
3-FL (3-fucosyliactose) Acidic 0.2-1.5
6’-8L {6’ -sialyilactose} 0.2-12
DS-LNT (disialyllacto-A-tetraose) 0.05-1
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FS-LNnH I {(fucosyl-stalyl-lacto-N-nechexaose I} 0.05-0.7
L.ST ¢ {sialyl-lacto-A-tetraose c) 0.05-0.7
37-SL (3 -sialyilactose) 0.1-0.3
Lactose 67-78

{6137} In some embodiments, the concentrations of components indicated in Tables 2A-C can vary,
each individually, for example, by having a conceniration that is greater than that indicated by 0.1
fold, or 0.2 fold, or 0.3 fold, or 0.4 fold, or 0.5 fold, or 0.6 fold, or 0.7 fold, or 0.8 fold, or 0.9 fold, or
1,2,3,4,5,6,7,8,9, or 10 fold.

{6138} In some embodiments, the concentrations of components indicated in Tables 2A-C can vary,
each individually, for example, by having a concentration that is less than that indicated by 0.1 fold,
or 0.2 fold, or 0.3 fold, or 0.4 fold, or 0.5 fold, or 0.6 fold, or 0.7 fold, or 0.8 fold, or 0.9 fold.

{8139} In some embodiments, milk products are contemiplated herein that include a subset of the
components {i.e., macromolecular fractions) of Tables 2A-C. In other embodiments, milk products
contemplated herein can exclude one or more of the components (i.e., macromolecular fractions) of
Tables 2A-C.

{6140} In some embodiments, milk products are contemplated herein that further comprise serum
albumin. In some embodiments, the serum alburmin can have a concentration of about 0.025-3 5 g/L.
In some embodiments, the serum albumin can have a concentration of about 0.01-2 g/l In some
embodiments, the serum albumin can have a concentration of about 0.15-1 g/L, and in some

embodiments, the serum albumin can have a concentration of about 0.2-0.7 g/L.

{6141} One aspect of the present disclosure is directed to a milk product comprising about 6-14
grams per liter {g/1.) protein components, about 18-89 g/L. lipid components, about 7-14 ¢/I. human
mitk oligosaccharides (HMOs), and about 64-77 g/L lactose, wherein at least one of the protein
components, lipid components, HMOs, and lactose is produced by cultured human mammary

epithelial cells.

{6142} In some embodiments, the protein component comprises about 55-65% dry weight of the
mitk product. In some embodiments, the protein component comprises one or more of beta-casein,
kappa-casein and alpha-casein, and in some embodiments, the beta-casein can have a concentration
of about 0.5-1.5 g/L, the kappa-casein can have a concentration of about 0.5-0.6 g/L. and the alpha-
casein can have a concentration of about 0.1-0.5 g/L. in the milk product. ln some embodiments of
the milk product, the beta-casein, kappa-casein and alpha-casein together comprise about 35-45%
dry weight percent of the protein component. In some embodiments, the beta-casein comprises

greater than about 50% of total casein content.
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{8143} In some embodiments, the protein component further comprises, for example, one or more of
alpha-lactatbumin, lvsozyme, lactoferrin, haptocorrin, butyrophilin, osteopontin, mucin MCS, mucia
BrE3, and lactadherin. Some embodiments further comprise serum albumin. In some embodiments
of the milk product, the alpha-lactalbumin can have a concentration of about 2.7-3.3 ¢/L, and in
some embodiments, the lysozyime can have a concentration of about 0.2-0.5 g/f., and in some
embodiments, the lactoferrin can have a concentration of about 1.0-2.0 ¢/L.. In some embodiments,
the haptocorrin can have a concentration of about 0.07-0.7 g/, and in sorue erubodiments, the
butvrophilin can have a conceniration of about 0.03-0.05 g/L. In some embodiments, the osteopontin
can have a concentration of about 0.05-0.2 g/L, and in some embodiments, the mucin MC5 can have
a concentration of about 0.5-0.6 g/L.. In some embodiments, the mucin BrE3 can have a
concentration of about 0.5-0.7 g/, and in some embodiments, the factadherin can have a
concentration of about 0.06-0.07 g/L. In some embodiments serum albumin can have a concentration
of about ¢.025-3 .5 g/L, or about 0.01-2 g/L, or about 0.15-1 ¢/L, or about 6.2-0.7 g/L

{0144} In some embodiments of the milk product, the protein components are of human origin.

{0145} In some ermnbodiments, the ipid component comprises one or more of saturated fatty acids,
moncunsaturated fatty acids, polyunsaturated fatty acids, cholesterol, phospholipids, plasmalogens,
and sphingolipids. In some embodiments of the milk product, the saturated fatty acids can have a
concentration of about 3-34 g/L. The saturated fatty acids can comprise, tor example, one or more of
palmitic acid, stearic acid and lauric acid and combinations thereof. In some embodiments, the
palmitic acid comprises at least about 50% sn-2 form. In some embodiments of the milk product,
palmitic acid can have a concentration of about 3-18 g/L, in some embodiments, stearic acid can
have a concentration of about 0.7-5 g/L, and in some embodiments, lauric acid can have a

concentration of about 0.5-5 g/L.

{6146} In some embodiments, monounsaturated fatty acids can have a concentration of about 7-46
g/L of the milk product. The saturated fatty acid component can comprise, for example, oleic acid, in
some embodiments, the oleic acid comprises at least about 50% an-1 form, and 1n some

embodiments, oleic acid can have a concentration of about 7-45 g/L in the milk product.

{0147} In some embodiments of the milk product, polyunsaturated fats can have a concentration of
about 2-20 g/L. The polyunsaturated fats can comprise, for example, one or more of Hnoleic acid,
alpha-linolenic acid, eicosadienocic acid, arachidonic acid, dihomo-gamma- linolenic acid, and
docosahexadienoic acid. In some embodiments, the linoleic acid comprises at least about 50% sn-3
form, and in some embodiments, linoleic acid can have a concentration of about 2-19 g/, and in
some embodiments, alpba-linolenic acid can have a concentration of about 0.5-0.7 g/L.. In some
embodiments, eicosadienoic acid can have a concentration of about 0.5-0.7 g/L, and in some
embodiments arachidonic acid can have a concentration of about 0.50.7 g/L. In some embodiments,

I
i

dihomo-~gamma-linolenic acid can have a concentration of about 0.3-0.5 g/1., and 0 some
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embodiments, docosahexadienoic acid can have a concentration of about 0.02-0.4 g/L.. Some
embodiments of the milk product comprise all of the above polyunsaturated fats, wheretn linolgic
acid can have a concentration of about 2-19 g/, alphalinolenic acid can have a concentration of
about 0.5-0.7 g/l., eicosadienoic acid can have a concentration of about 0.5-0.7 ¢/1., arachidonic acid
can have a concentration of about 0.5-0.7 g/L., dihomo-gamma-linclenic acid can have a
concentration of about 0.3-0.5 g/1, and docosahexadienocic acid can have a concentration of about
0.02-0.4 o/L. in the nulk product.

j0148] In some embodiments, cholesterol can have a concentration of about 0.09-0.15 g/l to milk
product, and in some embodiments, phospholipids, plasmalogens, and sphingolipids together can

have a concentration of about 0.1-0.4 g/U in the milk product.

{6149} In some embodiments, the milk product comprises one or more neutral oligosaccharides, one
or more acidic oligosaccharides or one or more each of neutral oligosaccharides and acidic

oligosaccharides.

{8150} In some embodiments, the one or more neutral oligosaccharides comprise TF-LNH
{(trifucosyllacto-N-hexose), 27-FL (27-fucosyllactose), DF-LNHII (difucosyllacto-N-hexaose), LNFP
I (acto-N-fucopentaose 1), LNDFHI (Jacto-N-difucosylhexaose I}, LNT (lacto-N- tetracse), LNoT

(lacto-N-neotetraose), DF-L (Difucosyllactose), and 3-FL (3-fucosyllactose}.

{¢151] In some embodiments, the one or more acidic oligosacchasides comprise 6°-SL (67-
sialyllactose), DS-LNT (disialyllacto-N-tetraose), FS-LNnH I {fucosyl-sialyl-lacto-N- nechexaose 1),

LST ¢ (sialyl-lacto-N-tetraose ¢), and 37-SL (37 ~stalyllactose).

[0152] In some embodiments, the one or more neutral oligosaccharides comprises TF-LNH
(trifucosyllacto-N-hexose), which oligosaccharide can have a concentration of about 1-4 g/l in the
milk product. In some embodiments, the one or more neutral oligosaccharides comprises 27- FL (27~
fucosyllactose), which oligosaccharide can have a conceniration of about 1-4 g/l in the milk
product, and in some embodiments, the one or more neutral oligosaccharides comprises BF-LNH [
{difucosyllacto-N-hexaose), which oligosaccharide can have a concentration of about 1-4 g/L in the
mitk product. In some embodiments, the one or more neutral oligosaccharides corprises LNFP |
(lacto-N-fucopentaose 1), which oligosaccharide can have a concentration of about 0.5-2 g/L. in the
milk product, and in some embodiments, the one or more neutral oligosaccharides comprises
LNDFH I (lacto-N-difucosylhexaose I}, which oligosaccharide can have a concentration of about
0.2-2 g/L. in the milk product. In some embodiments, the one or more neutral oligosaccharides
comprises LNT (lacto-N-tetraose), which oligosaccharide can have a concentration of about 0.3-1.5
/L in the milk product, and in some embodiments, the one or more neutral oligosaccharides
comprises LNnT {lacto-N-neotetracse}, which oligosaccharide can have a concentration of about
0.5-1.5 g/L in the milk product. In some embodiments, the one or more neutral oligosaccharides
comprises DF-L (Difucosyllactose), which oligosaccharide can have a concentration of about 0.1-1
-45-
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¢/L. in the milk product, and in some embodiments, the one or more neutral oligosaccharides
comprises 3-FL (3-fucosyliactose), which oligosaccharide can have a concentration of about 0.2-1.5
g/L of the milk product.

{6153} In some embodiments, the one or more acidic oligosaccharides comprises 6'-SL (67-
sialyliactose), which oligosaccharide can have a concentration of about 0.2-1.2 ¢/L in the milk
product, and in some embodiments, the one or more acidic oligosaccharides comprises DS-LNT
{distalyllacto-N-tetraose), which oligosaccharide can have a concentration of about 0.05-1 ¢/L in the
milk product. In some embodiments, the one or more acidic oligosaccharides comprises FS- LNnH |
{(fucosyl-sialyl-lacto-N-nechexaose 1), which oligosaccharide can have a concentration of about
0.05-0.7 g/l in the milk product, and in some embodiments, the one or more acidic oligosaccharides
comprises LST ¢ {stalyl-lacto-N-tetraose ¢}, which oligosaccharide can have a concentration of
about 0.05-0.7 g/L. in the milk product. In some embodiments, the one or more acidic
oligosaccharides comprises 37-SL (3 -sialyllactose), which oligosaccharide can have a concentration

of about ¢.1-0.3 ¢g/L in the milk product.

{0154} In some emnbodiments of the milk product the one or more neutral oligosaccharides comprise
TF-LNH (trifucosyliacto-N-hexose), 2°-FL (2’'-fucosyllactose}, DF-LNH I (difucosyllacto-N-
hexaose), LNFP I (lacto-N-fucopentaose [}, LNDFHI (lacte-N- difucosythexaose 1), LNT (lacto-N-
tetraose), LNnT (lacto-N-neotetraose), DF-L (Ditucosyliactose), and 3-FL (3-fucosyliactose) and the
one or more acidic oligosaccharides comprises 6°-SL (67 -stalyllactose), DS-LNT (disialyHacto-N-
tetraose), FS-LNnH I (fucosyl- sialyl-iacto-N-neohexaose I), LST ¢ (sialyl-lacto-N-tetracse ¢}, and
37-SL (3 -sialyllactose).

[6155] In some embodiments, the milk product comprises about 1-4 g/, TE-LNH (trifucosyllacto-N-
hexose), comprises about 1-4 g/l 2°-FL (2" -fucosyllactose), comprises about 1-4 g/, DF-LNH i
{(difucosyllacto-N-hexaose}, comprises about 0.5-2 g/ LNFP I (lacto-N- fucopentaose [}, comprises
about 0.2-2 /L LNDFH I (lacto-N-difucosylhexaose 1), comprises about 0.3-1.5 g/ LNT (lacto-N-
tetraose), comprises about 0.5-1.5 g/l LNa7T (lacto-N- neotetraose), comprises about 0.1-1 g/l DF-L
(Difucosyllactose), comprises about 0.2-1.5 g/LL 3- FL (3-fucosyllactose), comprises about 0.2-1.2
g/L 6”-8L (6 -sialylactose)}, comprises about 0.05-1 /L DS-LNT (disialyllacto-N-tetraose},
comprises about 0.05-0.7 g/l FS-LNnH I (fucosyl-sialyl-lacto-N-neohexaose 1), comprises about
0.05-0.7 ¢/L LST ¢ (sialyl-lacto-N- tetraose ¢}, and comprises about 0.1-0.3 /L 3°-SL {3’-

stalvllactose}.

{6156} In some embodiments, the neutral oligosaccharides content comprises at least about 2-fold,
or about 3-fold, or about 4-fold, or about 5-fold, or about 6- fold, or about 7-fold, or about 8-fold, or
about 9-fold, or about 10-fold, or about 11-fold, or about 12-fold, or about 13-fold, or about 14-fold,

or about 15-fold more by weight than acidic oligosaccharide content.
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{81587} In another aspect of the disclosure, a milk product is provided, comprising about 614 grams
per liter {g/L.) protein components, about 18-89 g/L lipid components, about 7-14 g/L human milk
oligosaccharides (HMOs), and about 64-77 g/l lactose, wherein the protein components comprise
one or more of beta-casein, kappa-casein, and alpha-casein, alphalactalbumin, lysozyme, lactofertin,
haptocorrin, butyrophilin, osteopontin, mucin MC5, nmucin BrE3, and lactadberin, wherein the lipid
components comprise one or more of palmitic acid, stearic acid and lauric acid, oleic acid, linoleic
acid, alpha-linolenic acid, eicosadienoic acid, arachidonic acid, dihomo-gamma-linolenic acid,
docosahexadienoic acid, cholestercl, phospholipids, plasmalogens and sphingolipids, wherein the
human milk oligosaccharides comprise one or more of TH-LNH (trifucosyllacto-N-hexose), 2°-FL

(2’ -fucosyllactose}, DF- LNHI {difucosyilacto-N-hexaose), LNFP I {lacto-N-fucopentaose 1},
LNBDFHI (facto-N- difucosythexaose 1), ENT (lacto-N-tetraose), LNnT (lacto-N-neotetraose}, DF-L
(Difucosyllactose), and 3-FL (3-fucosyllactose), 6'-SL (6 -sialvllactose), DS-LNT (distalyllacto- N-
tetraose), FS-LNnH I (fucosyl-sialyl-lacto-N-nechexaose I}, LST ¢ (sialyl-lacto-N-tetraose ¢}, and
37-8L (3 -sialyllactose)}, and wherein at least one of the protein components, lipid components,
HMOs, and lactose is produced by cultured human mammary epithelial cells. In some embodiments,

the milk product fusther comprises serum albumin.

[0158] In some embodiments, the milk product comprises about 0.5-1.5 g/l beta-casein, comprises
about 0.5-0.6 g/L. kappa-casein, comprises about 0.1-0.5 g/L. alpha-casein, comprises about 2.7-3.3
¢/L. alpha-lactalbumin, comprises about 0.2-0.5 g/L. lysozyme, comprises about 1.0-2.0 g/l
tactoferrin, comprises about 0.07-0.7 g/L haptocorrin, comprises about 0.03-0.05 g/ butyrophilin,
comprises about 0.05-0.2 g/l osteopontin, comprises about 0.5-0.6 g/l moucin MCS, comprises about
0.5-0.7 g/ mucin BrE3, comprises about 0.06-0.07 /L lactadherin, comprises about 2-19 g/L
hinoleic acid, comprises about 0.5-0.7 ¢/L alpha-linolenic acid, comprises about 0.5-0.7 g/
eicosadienoic acid, comprises about 0.5-0.7 g/L. arachidonic acid, comprises about 0.3-0.5 g/L.
dihomo-gamma-linolenic acid, comprises about 0.02-0.4 g/, docosahexadienoic acid, comprises
about 0.09-0.15 g/L cholesterol, together comprise about 0.1- 0.4 ¢/L phospholipids, plasmalogens
and sphingolipids, comprises about 1-4 g/l TF-LNH (trifucosyliacto-N-hexose), comprises about 1-
4 g/l 2°-FL (2’ -fucosyllactose), comprises about 1-4 g/L DF-LNH 11 (difucosyllacto-N-hexacse),
comprises about 0.5-2 g/l LNFP I {lacto-N- fucopentaose 1}, comprises about 0.2-2 g/l LNDFHL
(lacto-N-difucosylhexaose I}, comprises about 0.3-1.5 g/L. LNT {lacto-N-tetraose), comprises about
0.5-1.5 g/1. LNnT (lacto-N- neotetraose), comprises about 0.1-1 g/, DF-L (Difucosyllactose),
comprises about 0.2-1.5 g/l 3~ FL (3-fucosyllactose), comprises about 0.2-1.2 g/L 6’-8L (6~
sialyllactose), comprises about 0.05-1 g/ DS-LNT (disialyllacto-N-tetracse), comprises about 0.05-
0.7 g/l FS-LNnH | (fucosyl-sialyl-lacto-N-nechexaose I}, comprises about 0.05-0.7 g/l LS8T ¢
(stalyl-lacto-N- tetracse ¢}, and comprises about 0.1-0.3 g/L 3°-8L (3’-sialyllactose}. In some
embodiments, the milk product further comprises serum albumin, which serum albumin has a

concentration of about 0.025-3.5 g/L., or about 0.01-2 g/L., or about 0.15-1 g/, or about 0.3-0.7 g/L.
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{81589} In another aspect of the disclosure, a milk product is provided comprising about 3-15 percent
protein by weight, about 9-92 percent lipid by weight, about 4-15 percent by weight human milk
oligosaccharides (HMOs), and about 33-80 percent by weight lactose, wherein at least one of the

protein, lipid, HMOs, and lactose is produced by cultured human wmammary epithelial cells.

{6169} In some embodiments of some aspects of the disclosure, the milk product comprises at least
about 80%, about 81%, about 82%, about &3%, about 84%, about 85%, about 86%, about 87%,
about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, or about 99% of the overall macromolecular composition of

human breast milk.

[0161] In some embodiments of the milk product of the disclosure, non-protein nitrogen content is af
least about 10%, or at least about 15%, or at least about 20%, or at least about 25%, or at least about

30% of total nitrogen countent.

[0162] In some embodiments, the mik product comprises about 500-1150 keal/L. available energy
content, and in some embodiments, between about 40-55% of the available energy content is from
lipids. In some embodiments, the milk product comprises between about 95 8 and 195.2 g/L

macromolecular content.

{8163] In sore embodiments, the cultured milk product comprises Beta-casein, Alpha-lactalbumin,
Kappa-casein, Alpha-S1-casein, Lactoferrin, Lactadherin, Lysozyme, C12:0 (lauric acid}, C14:0
{myristic acid), C16:0 {palmitic acid)}, Lactose, Glucose, 3°-SL, and ¢°-SL.

{6164} In some embodiments, the cultured milk product comprises Beta-casein, Alpha-lactalbumin,
Kappa-casein, Alpha-81-casein, Lactoferrin, Lactadherin, Lysozyme, C12:0 (lauric acid), C14:0
(myristic acid), C16:0 (palmitic acid}, C18:2n-6 (lincleic acid, LA}, C18;3n-3 (alpha-linclenic acid,
ALA), Lactose, Glucose, 3°-SL, and 6°-SL.

{6165} In some embodiments, the cultured milk product comprises Beta-casein, Alpha-lactalbumin,
Kappa-casein, Alpha-Sl-casein, Lactoferrin, Butrophilin, Osteopontin, Lactadherin, Lysozyroe,
Mucin-4, Mucin-1, C8:0 {caprylic acid}, C10:0 {capric acid}, C12:0 (auric acid), C13:0 (tridecylic
actd), C14:0 (myristic acid), C16:0 (palmitic acid), C16:1 (palmitoleic acid), C18:2n-6 (linoleic acid,
LA), C18,30-3 (alpha-livolenic acid, ALA), C20:3n-6 (dihomo-gama-linolenic acid, DGLA),
20:40-6 (arachadonic acid, AA}, C20:5n-3 {eicosopentanoic acid, EPA), C22:6n-3
{docosahexaenoic acid, DHA), C22:1n9 {eruic acid), C24:1 (nervonic acid), Lactose, Glucose, 37-
8L, 6°-8L, LNT, and LNnaT.
{6166} In some embodiments, the cultured milk products disclosed herein further comprise at feast
one oxylipin metabolite of a polyunsaturated fatty acid, or at least one endocannabinoid. In some
embodiments, the oxylipin metabolite is 9-hydroxvoctadecadienoic acid (9-HODE); 13-
hydroxyoctadecadiencic acid (13-HODE), S, 15-dihydroxyeicosatetraenoic acid (5,15-BiHETE),
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17,18-dihydroxyeicosatetraenoic acid (17,18-DiHETE); 8, 9-Dihydroxyicosatrienocic acid (8,9~
DiHETE), 11, 12-Dibydroxyicosatrienote acid (11,12-DiHETE); 9,10-dihydroxyoctadecenoic acid
(9,10-DiHOME); 12,13-dihydroxyoctadecenoic acid (12, 13-DiHOME}; 14{15)-cpoxryeicosatriencic
acid (14(15)-EpETre); 1920)-epoxydocosapentanoic acid (19(20)-EpDPE);, 17-
hydroxydocosahexaenoic acid {(17-HDoHE), 5-hydroxyeicosatetraenoic acid (5-HETE}; 8-
hydroxyeicosatetraencic acid (8-HETE); 9-hydroxyeicosatetraenoic acid (9-HETE); 11-
hydroxyeicosatetraenoic acid (1 1-HETE); 12-hydroxyeicosatetraenoic acid (12-HETE); 9-
hydroxyoctadecatriencic acid (9-HOTrE}, 9-oxo-octadecadienocic acid (9-0x0-0ODE); or 13-0x0-
octadecadiencic acid (13-0x0-ODE); 17,18-epoxyeicosatetraenoic acid (17(18)-EpETE; 6-Keto-
prostaglandin Flalpha (6-keto-PGFla); or 15(S)-Hydroxyeicosatrienoic acid (15(S)-HETE) In
some embodiments, the endocannabinoid is anandamide or 2Z-arachidonoylglycerol (2-AG).

{0167} In some embodiments, the cultured milk product further comprises a preservative, stabilizer,
antioxidant, emulsifier, or thickener. In some embaodiments, the cultured milk product further
comprises lecithin, In some embodiments, the cultured milk product further comprises carrageenan,
in some embodiments, the cultured milk product further comprises beta carotene. In some
embodiments, the cultured milk product further comprises vitamin E. In some embodiments, the
cultured milk product further comprises ascorbyl palmitate or ascorbic acid. In some embodiments,
the cultured milk product further comprises lecithin, ascorbyl palimitate and vitamin E. In some

embodiments, the cultured milk product further comprises lecithin, ascorbic acid and vitamin E.

{8168} In another aspect of the disclosure, a containerized milk product is provided, comprising the

milk product according to some embodiments of the disclosure that is packaged into a container.

[016%] In another aspect of the disclosure, a frozen milk product is provided, comprising the milk
product according to some embodiments of the disclosure that has been frozen. In some
embodiments, the frozen milk product is packaged into a container making a containerized frozen
milk product. In some embodiments, the cultured milk product is stored at about -18°C to about -
80°C. In some embodiments, the cultured milk product is stored at about -18°C. In some
embodiments, the cultured milk product is stored at about -20°C. In some embodiments, the cultured

milk product is stored at about -80°C.

{6170} In another aspect of the disclosure, a lyophilized milk product is provided, comprising the
mitk product according to some embodiments of the disclosure that has been lyophilized. In some
embodiments, the lyophilized milk product is packaged into a container making a containerized

tyophitized milk product.

{6171} In another aspect of the disclosure, an extracted milk product is provided, comprising one or
more components extracted from the milk product according to some embodiments of the disclosure.
WNon-limiting examples of components that can be extracted from the milk product include protein,
lipid, carbohydrate, vitamin, and/or mineral content. In some embodiments, the one or more
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components exiracted from the collected milk product are lvophilized or concentrated to produce a
Iyophilized or a concentrated extracted milk product component. In some embodiments, the one or
more components extracted from the collected milk product are concentrated by membrane filtration
or reverse osmosis, while in other embodiments, the whole, un-exiracted roilk product is
concentrated by membrane filtration or reverse osmosis. In some embodiments, the one or more
extracted components from the collected milk product comprise milk protein, lipid, carbohydrate,
vitamin, and minerals. In some embodiments, the one or more extracted milk product components
are packaged in a coniainer, and in some embodiments, concentrated whole, un-extracted milk
product is packaged in a container.

{6172} In some embodiments, the container is sterile, vacuum-sealed, or classified as food grade, or
any combination thereof Non-limiting examples of containers comprise a canister, a jar, a bottle, a
bag, a box, or a pouch. In some embodiments, the container s a canister, a jar, a bottle, a bag, a box,

or a pouch.

Immnnoglobuling

{0173} In some embodiments, the cultured milk product further comprises one or more
immunoglobuling or sigA. In some embodiments, the cultured milk product comprises one or more
of igA, fgG, and IgM. In some embodiments, the caltured milk product comprises IgA2 {secretory)
and IgAl {(non-secretory). In some embodiments, the plasma cells of the cell construct produce IgA
and the mammary epithelial cells process the IgA to vield sigA (IgA2). slgA comprises a secretory
component, the extraceltular domain of the polymeric Ig receptor, attached to an igA Mammary
epithelial cells process IgA by cleaving the extracellular domain of a polymeric Ig receptor to
generate sigA. In some embodiments, sigA 1s secreted from the apical surface of the mammary

epithelial cell.

{¢174} In ceriain embodiments, the immunoglobulins bind to an antigen of a microorganism (fe.,
bacterium or virus). In certain embediments, the immunoglobulins bind to viral or bacterial antigens
capable of causing an infectious disease in humans. In certain embodiments, the immunoglobuling
bind to viral or bacterial antigens that cause infections of respiratory or gastrointestinal epithelium.
In certain embodiments, the immunoglobulins bind antigens from microorganisms that cause

enterocolitis or sepsis in infants.

{6175} In certain embodiments, the milk product comprises about 0.2-1.0 ¢/l secretory IgA. In
ceriain embodiments, the milk product comprises about 0.2, 0.25, 0.3, 035, 0.4, 045, 0.5, 0.55, 0.6,
0.65,0.7 075,08, 0.85,0.9, 095 or 1.0 g/L secretory IgA In certain embodiments, the milk
product comprises about 0.15-1 .6 g/L total IgA. In certain embodiments, the milk product comprises
about 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1.0, 1,05,
11,115, 1,2, 1.25, 1.3, 1.35, 1.4, 1.45, 1.5, 1.55, or 1,6 ¢/L total IgA.
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{8176} In some embodiments that comprise IgG, the milk product comprises about 0.03-0.3 /L 1gG.
In certain embodiments, that comprise 12, the milk product comprises about 0.03, 0.04, 6.05, 6.06,
0.07,0.08,0.09,0.1,0.11,0.12, 0,13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.2, 0.21, 0.22, 0.23, 0.24,
0.25,0.26,0.27,0.28,06.29, 0.3 g/l.. In some embodiments that comprise IgM, the milk product
comprises about 0.01-0.1 g/L IgM. In certain embodiments, the milk product comprises about .01,
0.02,0.03,0.04, 0.05,0.06,0.07, 0.08, 0.09, 0.1, 0.1 g/L. 1gM. In some embodiments, the milk
product comprises about 0.2-2.0 percent by weight total immunoglobulins. 1o certain embodiments,
the milk product comprises 6.2,0.3,0.4,05,06,0.7,08,09,10,1.1,12,13,14,15,16,1.7,

1.8, 1.9, 2.0 percent by weight total immunoglobulins.

{6177} Included herein are immunotherapeutic compositions comprising (a) IgA and sigA derived
from the secreted products of mammary epithelial cells co-cultured with plasma cells, and (b) a
pharmaceutically acceptable excipient. In some embodiments, the IgA and sigA are isolated from
the product resulting from co-culturing mammary epithelial cells and plasma celis (e.g., a cultured
mulk product). In some embodiments, the pharmaceutically acceptable excipient 15 a stabilizer, a
surfactant, a buffer or tonicity agent. In some embodiments, the pharmaceutically acceptable
excipient is sucrose, trehalose, mannitol, sorbitol, histidine, arginine, glycine, polysorbate 20,
polysorbate 80, poloxamer 188, edetic acid/or edetate salts (e g, EDTA), glutathione, metacresol,

phenol, benzyl alcohol, benzalkonium chloride, methionine or cysteine.

{0178} In some embodiments, IgA is produced by the plasma cells in the cell construct. The Ig/
binds to a recepter {pelymeric Ig receptor) on the basal surface of mammary epithelial cells. The IgA
and receptor are transported into the mammary epithelial cells. The mammary cells process the IgA.
The extracellular domain of the receptor bound to the IgA (secretory component) is cleaved by a
proteinase within the mammary epithelial cells and the IgA bound to secretory component is
secreted from the apical surface of the mammary epithelial cells to yield sIgA. In some
embodiments, the sIgA is secreted as part of the cultured milk product from the apical surface of the
mammary cells into the apical compartment. In some embodiments, the slgA is isolated from the
cultured milk product. In some embodiments, the slgA is not isclated from the cultured mitk

product.

Basal Culture Media and Lactosenic Media

{6179} In some embodiments, the culture medium comprises a carbon source, a chemical buffering
system, one or more essential amino acids, one or more vitamins and/or cofactors, and one or more
inorganic salts. In some embodiments, the carbon source, chemical buffering system, one or more

essential amino acids, one or more vitaming and/or cofactors, and/or one or more inorganic salis are

food grade.

{6180} In some embodiments, the culture medium is lactogenic culture medium. In some
embodiments, the culture medium further comprises prolactin (e g., mammalian prolactin, e.g.,
251



WO 2021/242866 PCT/US2021/034267

human prolactin, linoleic and alpha-linoleic acid, estrogen and/or progesterone. For example, in
some embodiments, the culture medium comprises prolactin {or prolactin is added} in an amount
from about 20 ng/mL to about 200 ng/L of culture medium, e.g, about 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 ng/ml or any value or range therein. In
some embodiments, the culture medium comprises prolactin {or prolactin is added} in an amount
from about 20 ng/mL to about 195 ng/mb, about 50 ng/mL to about 150 ng/ml, about 25 ng/ml to
about 175 ng/mL, about 45 ng/mk to about 200 ng/ml., or about 75 ng/mL to about 190 ng/mL of
culture medium. In some embodiments, the culture medium further comprises other factors to
improve efficiency, including, but not limited to, insulin, an epidermal growth factor, and/or a

hydrocortisone.

[0181] In some embodiments, the culture medium comprises a carbon source in an amount from
about 1 g/L to about 15 g/l of culture medium {e.g, about 1, 2,3, 4,5, 6,7, &, 9, 10, 11, 12, 13, 14
or 15 g/L or any value or range therein), or about 1,2, 3,4, Sor 6 g/l toabout 7, 8, 9, or 10, 11, 12,
13, 14 or 15 g/L of the culture medium. Non-limiting examples of a carbon source include glucose
and/or pyruvate. For example, in some embodiments, the culture medium comprises glucose in an
amount from about Ig/L to about 12 g/L of culture medium, e.g, about 1,2, 3,4, 5, 6,7, 8,9, 10, 11,
or 12 g/l or any value or range therein. In some embodiments, the culture medium comprises
glucose in an amount froro about 1 g/l to about 6 ¢/L., about 4 ¢/L to about 12 /L., about 2.5 ¢/l to
about 10.5 ¢/L, about 1.5 g/L to about 11.5 g/l or about 2 g/L to about 10 g/L of culture medium. In
some embodiments, the culture medium comprises glucose in an amount from about 1, 2, 3, or 4 g/l
toabout 5,6,7, 8,9, 10, 11, or 12 g/l orabout 1,2, 3,4, 5, or 6 g/l toabout 7, 8, 9, 10, 11, or 12
¢/L. In some embodiments, the culture medium comprises pyruvate in an amount from about 5 g/

to about 15 g/L of culture medium, e g, about 5,6, 7, 8 9, 10, 11, 12, 13, 14, or 15 ¢/L or any value
or range therein. In some embodiments, the culture medium comprises pyravate in an amount from
about 5 g/L. to about 14.5 g/L, about 10 g/L to about 15 g/L, about 7.5 g/l to about 10.5 g/L, about
5.5 g/L to about 14.5 g/L, or about 8 ¢/L to about 10 ¢/L of culture medium. In some embodiments,
the culture medium comprises pyravate in an armsount from about 5,6, 7, or 8 g/l to about 9, 10, 11,

12,13, 14 or 15 g/l orabout 5,6, 7, 8,9, or 10 g/ toabout 11, 12, 13, 14 or 15 ¢/1.

{8182} In some embodiments, the culture medium comprises a chemical buffering system in an
amount from about 1 ¢/l toabout 4 g/L {e.g, about 1, 1.5, 2, 2.5, 3,35, or 4 g/LL or any value or
range therein} of culture medium or about 10 mM to about 25 mM {(e.g., about 10, 11, 12, 13, 14, 15,
16,17, 18,19, 20, 21, 22, 23, 24, or 25 mM or any value or range therein). In some embodiments,
the chemical buffering system includes, but is not limited to, sodium bicarbonate and/or 4-(2-
hydroxyethyl)-I-piperazineethanesulfonic acid (HEPES). For example, in some embodiments, the
culture medium comprises sodium bicarbonate in an amount from about | g/L to about 4 g/L. of
culture medium, e.g., about 1, 1.5, 2, 2.5, 3, 3.5, or 4 ¢/l or any value or range therein. In some
embodiments, the culture medium comprises sodium bicarbonate in an amount from about 1 g/L to
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about 3.75 ¢/L, about 1.25 /L. to about 4 g/L, about 2.5 ¢/1. to about 3 ¢/L., about 1.5 g/L to about 4
g/l or about 2 g/L to about 3.5 g/L. of culture medium. In some embodiments, the culture medium
comprises HEPES in an amount from about 10 mM to about 25 mM, e.g., about 10, 11, 12, 13, 14,
18,16, 17, 18,19, 20, 21, 22, 23, 24, or 25 mM or any value or range therein. In some embodiments,
the culture medium comprises HEPES in an amount from about 11 mM to about 25 mM, about 10
mM to about 20 mM, about 12.5 mM to about 22.5 mM, about 15 mM to about 20.75 mM, or about
10 miM to about 20 mM.

[0183] In some embodiments, the culture medium comprises one or more essential aminoe acids 1o an
amount from about 0.5 mM to about 5 mM {e.g, about 0.5, 1, 1.5,2,2.5,3,3.5,4,4.5 or SmMor
any value or range therein) or about 0.5, 1, 1.5, 2 mM to about 2.5, 3, 3.5, 4,45 or 5 mM. In some
embodiments, the one or more essential amino acids 1s histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, valing, and/or arginine. For example, in some
embodiments, the culture medium compri ses arginine in an amount from about 0.5 mM to about §
mM, eg,about 05 1, 1.5 2 253,35, 4 45, or SmM or any value or range therein. In some
embodiments, the cuiture medinm comprises an essential amino acids in an amount from about 0.5
mM to about 4.75 mM, about 2 mM to about 3.5 mM, about 0.5 mM to about 3.5 mM, about 1 mM

to about 5 mM, or about 3.5 mM to about S mM.

{0184} In some embodiments, the culture medium comprises one or more vitamins and/or cofactors
in an amount from about 0.01 uM to about 50 uM (e g., about 0.01, 6.02, 0.03, 0.04, 0.05, 0.0¢,
0.07,008,009 061,02,03,04,05,06,07 08 0% 1, 11,12, 13,14,15,16,1.7,18,19 2
21,22,23,24,253,4,5,6,789,10, 1253 15, 175,20, 25, 30, 35, 40, 45, 46, 47, 48, 49, 49.025,
49.05, 45.075, or 50 uM or any value or range therein} or about 0.01, 6.02, .03, 0.04, 0.05, 0.06,
0.07,008,009 01,02,03,04,05,06,07,08 0or09pMtoaboutl, 1.1, 12 13,14, 15, 16,
17,18,19,2, 21,22 23,24 25 3,4,5,6uMorabout0.02, 0025 005 00751, 15,2, 3,4
5,6,7,8 9,10 uM toabout 12,5, 15, 17.5, 20, 25, 30, 35, 40, 45, 46, 47, 48, 49, 49.025, 49.05,

40.075, or 50 uM. In some embodiments, one or more vitamins and/or cofactors include, but are not

>

fimited to, thiamine and/or riboflavin. For example, in some embodiments, the culture medium
comprises thiamine in an amount from about 0.025 uM to about 50 pM, e.g., about 0.025, 0.05,
0.075,1,15,2,3,4,5,6,7,8,9, 10, 12.5, 15, 17.5, 20, 25, 30, 35, 40, 45, 46, 47, 48, 49, 49.025,
49.05, 49.075, or S0 uM or any value or range therein. In some embodiments, the culture medium
comprises thiamine in an amount from about 0.025 pM to about 45.075 uM, about 1 uM to about 40
uM, about 5 uM to about 35.075 uM, about 10 uM to about 50 pM, or about 0.05 uM to about 45.5
uM. In some embodiments, the culture medium comprises riboflavin in an amount from about 0.01
uM to about 3 uM, e.g, about 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,0.08,0.09,0.1,0.2, 03,04,
05,0607,08 09 1, 11,12, 13,14,15, 16,17, 18, 19,2,21,2223,24,25,26,27 28,

2.9, or 3 uM or any value or range therein. In some embodiments, the culture medlum comprises
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riboflavin in an amount from about 0.01 uM to about 2.05 uM, about 1 uM to about 2.95 uM, about
0.05 uM to about 3 uM, about 0.08 uM to about 1.55 uM, or about 0.05 uM to about 2.9 uM.

{0185} In some embodiments, the culture medium comprises one or more inorganic salts in an
amount from about 100 mg/L to about 150 mg/L of culture medium {e.g., about 100, 105, 110, 115,
126, 125, 130, 135, 140, 145, or 150 mg/l. or any value ot range therein} or about 100 mg/L to about
156 mg/L. of culiure medium {e.g., about 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or 150
mg/L or any value or range therein). In some embodiments, one or more inorganic salts include, but
are not limited to, calciwm and/or magnesium. For example, in some embodiments, the culiure
medium comprises calcium in an amount from about 100 mg/L to about 150 mg/L of culture
medium, e.g., about 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or 150 mg/L or any value or
range therein. In some embodiments, the culture medinm comprises arginine in an amount from
about 100 mg/L to about 125 mg/L, about 105 mg/L to about 150 mg/L, about 120 mg/L to about
130 mg/L, or about 100 mg/L to about 145 mg/L of culture medium. In some embodiments, the
culture medium comprises magnesium 1n an amount from about 0.01 mM to about 1 mM, e g, about
0.01,0.02, 0.03,0.04, 0.05, 0.06,0.07, 0.08,0.09,0.1,02,03,04,05,06,07,08,09, 091,092,
0.93,0.94, 095, 096,097 098, 099, or 1 mM or any value or range therein. In some
embodiments, the culture medium comprises magnesium in an amount from about 0.05 mM to about
I mM, about 0.01 raM 1o about 8.78 mM, about 0.5 mM to about 1 mM, about 0.03 mM to about
0.75 mM, or about .25 mM to about 0.95 mM.

10186} In some embodiments, the culture medium comprises a carbon source in an amount from
about 1 g/L to about 15 ¢/L of culture medium (e.g, about 1,2,3,4,5,6,7, 8,9, 10, 11, 12,13, 14
or 15 g/l or any value or range therein), or about 1, 2, 3,4, Sor 6 g/l tosbowt 7, 8, 9, or 10, 11, 12,
13, 14 or 15 g/L. of the culture medium. In some embodiments, the carbon source includes, but is not
timited to, glucose and/or pyruvate. For example, in some embodiments, the culture medium
comprises glucose in an amouut from about 1 g/L. to about 12 ¢/L. of culture medium, e.g., about 1,
2,3,4,5,6,7, 8,9, 10, 11, or 12 g/L or any value or range therein. In some embodiments, the
culture medium comprises glucose in an amount from about 1 /L to about 6 g/L, about 4 g/l to
about 12 g/, about 2.5 g/L to about 10.5 ¢/L., about 1.5 g/l to about 11.5 g/L., or about 2 g/l. to
about 10 g/L of culture medium. In some embodiments, the culture medium comprises pyruvate at
an amount of about 5 g/L to about 15 /L of culture medium, e.g, about 5, 6,7, 8, 9, 10, 11, 12, 13,
14, or 15 g/L. or any value or range therein. In some embodiments, the culture medium comprises
pyruvate in an amount from about 5 g/l to about 14.5 g/L., about 10 /L to about 15 g/L., about 7.5
/L to about 10.5 g/L, about 5.5 ¢/l to about 14.5 /L, or about 8 g/L to about 10 g/L of culture

medium.

{8187} In some ervbodiments, the culture medium coroprises a chemical buffering system in an

amount from about 1 g/l to about 4 ¢/L (e g, about 1, 1.5, 2, 2.5, 3, 3.5, or 4 o/l or any value or
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range therein} of culture medium or about 10 1M to about 25 mM (e g, about 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 mM or any value or range therein). In some embodiments,
the chemical buffering systern includes, but is not limited to, sodium bicarbonate and/or HEPES. For
example, in some embodiments, the colture mediurm comprises sodium bicarbonate tn an amount
from about 1 g/l to about 4 g/L of culture medium, e.g., about 1, 1.5, 2,25, 3,35, or4 g/ or any
value or range therein. In some embodiments, the culture medium comprises sodium bicarbonate in
an amount from about 1 g/l to about 3.75 ¢/L, about 1.25 ¢/L. to about 4 g/L., about 2.5 g/L o about
3 /L, about 1.5 g/l to about 4 g/L., or about 2 g/L to about 3.5 g/L. of culture medium. In some
embodiments, the culture medium comprises HEPES in an amount from about 10 mM to about 25
mM, e.g., about 10 11 12 13 14, 15,16, 17, 18 19, 20,21, 22, 23, 24, or 25 mM or any value or
range therein. In some embodiments, the culture medium comprises HEPES in an amount from
about 1 mM to about 25 mM, about 10 mM to about 20 mM, about 12.5 mM to about 22.5 mM,
about 15 mM to about 20.75 mM, or about 10 mM to about 20 mM.

10188] In some embodiments, the culture medium comprises one or more essential amino acids 1o an
amount from about 0.5 mM to about 5 mM {e.g., about 0.5, 1,1.5,2,25,3,3.5, 4,45 or SmMor
any value or range therein) or about 0.5, 1, 1.5, 2mM to about 2.5, 3, 3.5, 4, 4.5, or 5 mM. In some
embodiments, one or more essential amino acids 1s arginine and/or cysteine. For example, in some
embodiments, the culture medinm comprises arginine in an amount from about 0.5 mM to about 3
mM, eg, about035 1,15 2, 25,3,35, 4,45 or 5 mM or any value or range therein. In some
embodiments, the culture medium comprises arginine in an amount from about 0.5 M to about
4.75 mM, about 2 raM to about 3.5 mM, about 0.5 mM to about 3.5 mM, about 1 mM to about 5
mM, or about 3.5 mM to about 5 mM. For example, in some embodiments, the culture medium
comprises cysteine in an amount from about 0.5 mMto about SmM, eg about 0.5, 1, 15,2, 2.5, 3,
3.5,4,4.5, or 5 mM or any value or range therein. In some embodiments, the culture mediom
comprises cysteine in an amount from about 0.5 mM to about 4,75 mM, about 2 mM to about 3.5
mM, about 0.5 mM to about 3.5 mM, about 1 mM to about 5 mM, or about 3.5 mM to about 5 mM.

{6189] In some embodiments, the culture medium comprises one or more vitamins and/or cofactors
in an amount from about 0.01 uM to about 56 uM {e.g., about 6.01, .02, 0.03, 0.04, 0.05, 0.06,
0.07,608,009 01,02, 03,04,05,06,07 08,069 1,1.1,1.2, 13, 14,15 16,17, 18, 19,2,
21,22.23.24,25 3,4,5, 67,89, 10,125, 15, 17.5, 20, 25, 30, 35, 40, 45_ 46, 47, 48, 49,
49,025, 49.05, 49.07S, or SO uM or any value or range therein) or about 0.01, 0.02, 0.03, .04, §.05,
0.06,0.07,0.08,0.09,0.1,02,0.3,0.4,0.5,0.6,0.7, 0.8, or 0.9 uM toabout 1, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6,1.7,1.8,1.9,2,2.1,2.2,2.3, 2.4, 2.5, 3, 4, 5, 6 uM or about 0.02, 0.025, 0.05, 0.075, 1, 1.5, 2, 3,
4,5.6,7,8, 9, 10 uM to about 12.5, 15, 17.5, 20, 25, 30, 35, 40, 45, 46, 47, 48, 49, 45,025, 49.05,
49,075, or SO pM. In some embodiments, one or more vitamins and/or cofactors includes, but is not
timited to, thiamine and/or riboflavin. For example, in some embodiments, the culture medium
comprises thiamine in an amount from about 0.025 uM to about 50 uM, e.g., 0.025, 0.05, 0.075, 1,
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1.5.2,3,4,5.6,7,8 9. 10,125, 15, 17.5, 20, 25, 30, 35, 40, 45, 46, 47, 48, 49, 49,025, 49.05,
49.075, or 50 pM or any value or range therein. In some embodiments, the culture medium
comprises thiamine in an amount from about 0.025 uM to about 45.075 uM, sbout 1 uM to about 40
uM, about 5 pM to about 35.075 uM, about 10 pM to about 50 uM, or about 6.05 pM to about 455
uM. In some embodiments, the culture medium comprises riboflavin in an amount from about 0.01
uM to about 3 uM, e.g., 0.01, 0.02, 0.03,0.04, 0.05,0.06,0.07,0.08,0.09,0.1,02,03,04,05,056,
07,0809 1,11, 1213, 14 1516 1.7, 18.19,2,21,22,23,24,25726,27, 28,29 or3
uM or any value or range therein. In some embodiments, the culiure medium comprises tiboflavin in
an amount from about 0.01 pM to about 2.05 uM, about 1 uM to about 2.95 M, about 0.05 pM 1o
about 3 uM, about 0.08 pM to about 1.55 pM, or about 0.05 M to about 2.9 pM.

{6199} In some embodiments, the culture medinm comprises one or wore inorganic salts in an
amount from about 100 mg/L to about 130 mg/L of culture medium {e.g., about 100, 105, 110, 115,
120, 125, 130, 135, 140, 145, or 1530 mg/L or any value or range therein) or about 100 mg/L to about
150 mg/L of culture medium {e.g., about 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or 150
mg/L. or any value or range therein}. In some embodiments, exemplary one or more inorganic salis is
calcium and/or magnesium. For example, in some embodiments, the culture medium comprises
calcium in an amount from about 100 mg/L to about 150 mg/L of culture medium, e.g., about 100,
105, 110, 115, 120, 125, 130, 135, 140, 145, or 150 mg/L or any value or range therein. In some
embodiments, the culture medium comprises arginine in an amount from about 100 mg/L to about
125 mg/L., about 105 mg/L to about 150 mg/L, about 120 mg/L to about 130 mg/L, or about 100
mg/L. to about 145 mg/L. of culture medium. In some embodiments, the culture medium comprises
magnesium in an amount from about 6.01 mM to about I mM, e g, about 0.01, 0.02, 0.03, 0.04,
005,006,007, 008,009,01,02,03,04,05,06,07,08,09 091,092, 093,094, 095,096,
0.87,0.98, 0.99, or I mM or any value or range therein. In some embodiments, the culture medium
comprises magnesium in an amount from about 0.05 mM to about 1 mM, about 0.01 mM to about
0.78 mM, about 0.5 mM to about 1 mM, about 0.03 mM to about 0.75 mM, or about 0.25 mM to
about 0.95 mM.

{6191} In some embodiments, the carbon source, chemical buffering system, one or more essential

amine acids, one or more vitamins and/or cofactors, and/or one or more inorganic salts is food grade.

{6192} In some embodiments, the culture medium is lactogenic culture medium, e.g., the culture
medium further comprises prolactin (e.g., mammalian prolactin, e.g., human prolactin}. For example,
in some embodiments, the culture medium comprises prolaciin {or prolactin is added} in an amount
from about 20 ng/mL to about 200 ng/L. of culture medium, e.g., about 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 ng/mL or any value or range therein. In
some embaodiments, the culture medium comprises prolactin (or prolactin is added) in an amount

from about 20 ng/mL to about 195 ng/mL, about 50 ng/mL to about 150 ng/ml., about 25 ng/ml. to
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about 175 ng/ml, about 45 ng/mL to about 200 ng/mL, or about 75 ng/mL o about 190 ng/mL of
culture medium. In some embodiments, the methods further comprise adding prolactin to the culture
medium, thereby providing a lactogenic culture medium. In some embodiments, the prolactin is
produced by a microbial cell and/or a human cell expressing a recombinant prolactin {e.g., &
prolactin comprising a substitution of a serine restdue at position 179 of the prolactin gene with
aspartate (S1790)), e g., S179D-prolactin). In some embodiments, adding prolactin to the culture
medium comprises conditioning culture medium by culturing cells that express and secrete prolactin,
and applying the conditioned culture medium comprising prolactin 1o the basal surface of the
monelayer of mammary cells {e.g., mammary epithelial cells, mammary myoepithelial cells and

mammary progenitor cells).

[0193] In some embodiments, the culture medium further comprises other factors to improve
efficiency, including, but not Hmited to, insulin, an epidermal growth factor, and/or a
hydrocortisone. In some embodiments, the methods of the present invention further comprise adding
other factors {(e.g., insulin, an epidermal growth factor, and/or a hydrocortisone) to the culture

medium, e.g., to improve efficiency.

Methods of Manufacturing Cultured Milk Products

{0194} Disclosed herein are methods of manufacturing a cultured milk product representing the

biosynthetic cutput of cultured mammary epithelial cells (MECs}) and plasma cells.

[0195] In some embodiments, the method comprises culturing a cell construct comprnising plasma
cells and mammary cells disclosed herein in a bioreactor comprising a basal compartrent and an
apical compartment, wherein the basal compartment comprises a culture media, and the plasma cells
and mammary cells secret the cultured milk product comprising immunoglobuling into the apical

compartment.

[0196] In some embodiments, the method comprises(a) isolating mammary epithelial cells,
myoepithelial cells and/or marmmary progenitor cells from mammary explants from mammary tissue
{e.g., breast, udder, teat tissue), biopsy sample, or raw breastmilk, to produce isolated mammary
epithelial cells, myoepithelial cells and/or mammary progenitor cells; (b) isolating plasma cells from
mammary tissue, biopsy sample, or raw breastmilk, to produce isolated primary plasma cells; (¢}
culturing the isolated mammary epithelial cells, myoepithelial cells and/or mammary progenitor
cells; {d) culturing the isolated primary plasma cells; () depositing the cultured, isolated mammary
epithelial celis, myoepithelial cells and/or mammary progenitor cells and isolated primary plasma
cells on a scaffold having an upper surface and lower surface to produce a mixed population of
primary plasma cells and mammary epithelial cells, mammarv myoepithelial cells and mammary
progenitor cells wherein the plasma cells are overlayed by the mammary epithelial cells, mammary
myoepithelial cells and mammary progenitor cells; (f) cultivating the mixed population of (&) on the
scaffold, to produce a monolayer of polanized mammary cells located adjacent to and above the
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plasroa cells, wherein the plasma cells are focated adjacent to and above the upper surface of the
scaffold, wherein the upper surface is located adjacent to and above the lower surface of the scaffold,
and wherein the polarized mammary cells comprise an apical surface and a basal surface | thereby

producing a cell construct for producing the cultured milk product comprising immunoglobulins.

{81971 In some embodiments, the method comprises: a) 1solating mammary epithelial cells,
myoepithelial cells, and/or mammary progenitor cells from mammary explants from mammary
tissue (e g., breast, udder, teat tissue), biopsy sample, or raw breastmilk, to produce isolated
maramary epithelial cells, myoepithelial cells, and/or mammary progenitor cells; (b} isolating
plasma cells from mammary tissue, biopsy sample, or raw breastmilk, to produce isolated primary
plasma cells; {¢) culturing the isolated mammary epithelial cells, myoepithelial cells, and/or
maramary progenitor cells to produce a mixed population of primary moammary epithehial cells,
mammary myoepithelial cells and mammary progenitor cells; (d} culturing the isolated primary
plasma cells; {e) sorting the mixed population of mammary epithelial cells, myoepithelial cells,
and/or mammary progenitor cells (e.g., selecting the primary mammary epithelial celis) to produce a
population of primary mammary epithelial cells; and (£} depositing the sorted population of primary
mammary epithelial cells, myoepithelial cells and/or mammary progenitor cells and isolated primary
plasma cells on a scatfold having an upper surface and lower surface (g} cultivating the sorted
population of mammary epithehial and plasma cells on the scaftold, to produce a monolayer of
polarized primary mammary epithelial cells located adjacent to and above the plasma cells, wherein
the plasma cells are located adjacent to and above the upper surface of the scaffold, wherein the
upper surface is focated adjacent to and above the lower surface of the scaffold, and wherein the
polarized mammary celis comprise an apical surface and a basal surface, and wherein the polarized
monolayer comprises an apical surface and a basal surface, thereby producing a cell construct for

producing the cultured roilk product comprising immunoglobuling.

[0198] In some embodiments, the method comprises (a) culturing immortalized mammary epithelial
cells to produce increased numbers of immortalized mammary epithelial cells; and (b) culturing
plasina cells to produce increased numbers of plasma cells; (¢} cultivating the immortalized
mammary epithelial cells and plasma cells of (a) and (b} on a scaffold, the scaffold having an upper
surface and lower surface, to produce a monolayer of polarized immortalized mammary epithelial
cells above the plasma cells on the upper surface of the scaffold, wherein the polarized monolayer
comprises an apical surface and a basal surface |, thereby producing a cell construct for producing the

cultured milk product comprising immunoglobulins.

{¢199} In certain embodiments, plasma cells are added to the culture of immortalized mammary
epithelial cells. In certain embodiments, the plasma cells are cultivated with the immortalized

mammary epithelial cells on the scatfold, thereby producing a cultured milk product with secretory
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products of the immune cells and mammary cells (e g, sigA). In certain embodiments, the isolated

mammary cells are immortalized prior to co-culture of the cells with the plasma cells.

{0200} Plasma cells can be derived from a primary mammary tissue sample or, e.g., from a plasma
cell line. In certain embodiments, the plasma cells are stimulated to produce immunoglobins during
co~culture. In certain embodiments, the plasma cells produce IgA. In certain embodiments the
plasma cells produce secretory IgA. In certain embodiments, the one or more classes of
immunoglobuling includes secretory IgA (slgA). In certain embodiments, the immunoglobulins bind
to an antigen of a microorganism {i.e., bacterium or virus). In certain embodiments, the
immunoglobulins bind to viral or bacterial antigens capable of causing an infectious disease in
humans. In certain embediments, the immunoglobulins bind to viral or bacterial antigens that cause
infections of respiratory or gastrointestinal epithelivm. In certain embodunents, the
immunoglobuling bind antigens from microorganisms that cause enterocolitis or sepsis in infants. In
certain embodiments, plasma cells are co-cultured with MECs in a bioreactor according to methods
described herein. In certain embodiments, the bioreactor is a hollow fiber bioreactor described
herein.

{0201} In certain embodiments, mammary cells are modified and/or stimulated with prolactin
according to the methods described herein to stimulate and optimize milk production. In certain

embodiments, the mammary cells are modified to express a constitutively active prolactin receptor.

[0202] In certain embodiments, marmmary epithelial cell populations are identified and isolated from
primary mammary tissue samples. In some embodiments, the mammary cells are tsolated and sorted
via fluorescence-activated cell sorting, magnetic-activated cell sorting, and/or microfluidic cell
sorting. In certain emabodiruents, royoepithelial wammary cells and luminal epithelial mammary cells
are isolated by FACS analysis. In certain embodiments, progenitor myoepithelial mammary cells
and/or progenitor fuminal epithelial mammary cells are isolated by FACS analysis. Any suitable
method known in the art for sorting mammary epithelial cells {e g, luminal epithelial cells),
myoepithelial cells, progenitor cells, and immune cells can be used. For example, mammary cells
can be sorted using CD24, EPCAM and/or CD49f, cell surface markers.

{0283} In some embodiments, the plasma cells are isolated and sorted via fluorescence-activated cell
sorting, magnetic-activated ceil sorting, and/or microfluidic cell sorting. In certain embodiments, the
plasma cells are sorted by FACS analysis using markers known in the art for identifying the plasma
cells. In certain embodiment, plasma cells, plasma blasts or pre-plasmablasts are sorted and isolated
by FACS analysis using markers known in the art (e.g., CD20, CD38, CD 138, and/or CD19).

(=i

{6204} In some embodiments, the cell construct comprises a scaffold comprising an upper surface
and a lower surface and a contimuous monolayer of polarized mammary epithelial cells, a continuous
monolayer of a polarized, mixed population of mammary epithelial cells, mammary myoepithelial

cells and mammary progenitor cells, and/or a continuous monolayer of polarized timmortalized
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mammary epithelial cells, wherein the continuous monolayer is located on the upper surface of
scaffold.

{8285} In some embodiments, the lower surface of the scaffold is adjacent to the basal compartment.
In some embodiments, the apical surface of the continuous monolayer is adjacent to the apical
compartment. fo some embodiments, the continuous monolayer secretes milk and sligA or IgA
through its apical surface into the apical compartment, thereby producing milk comprising IgA
and/or sigA in culture,

10266} In some embodiments, the monolayer of mammary cells forms a barrier that divides the
apical compartment and the basal compartment, wherein the basal surface of the mammary cells is

attached to the scaffold and the apical surface is oriented toward the apical compartment.

10207} In some embodiments, the basal compartment is adjacent to the lower surface of the scaffold.
In some embodiments, the basal compartment comprises a culture medium in fluidic contact with the
basal surface of the monolayer of mammary epithelial cells (e.g., the polarized monolayer of
mammary epithelial cells, the polarized the monclayer of the mixed population of mammary cells, or
the polarized monolayer of immortalized mammary epithelial cells).

10208] In some embodiments, the culture medium comprises a carbon source, a chemical buffering
system, one or more essential amino actds, one or more vitamins and/or cofactors, and one or more

inorganic salis.

102091 In some embodiments, the bicreactor comprises an apical compartment that is adjacent to the
apical surface of the monolayer. In some embodiments, the apical compartment is adjacent to the

upper surface of the scaffold.

16210} In some embodiments, the total cell density of mammary cells in the bioreactor is at least
104 mammary celis. In some embodiments, the total cell density of mammary cells in the bioreactor
is at least 10" mammary cells. In some embodiments, the total cell density of mammary cells in the

bioreactor is at least 10 mammary ceils.

{6211} In some embodiments, the total cell density of mammary cells in the bioreactor is about 20 to
55 cells per 100 um®. In some embodiments, the total cell density of mammary cells in the bioreactor
is about 20 cells per 100 um?. In some embodiments the total cell density of mammary cells in the
bioreactor is 25 cells per 100 um?. In some embodiments, the total cell density of mammary cells in
the bioreactor is about 30 cells per 130 um”. In some embodiments, the total cell density of
mammary cells in the bioreactor is about 35 cells per 100 um’. In some embodiments, the total cell
density of mammary cells in the bioreactor is about 40 cells per 100 pm”. In some embodiments, the
total cell density of mammary cells in the bioreactor is about 45 cells per 100 um”. In some

embodiments, the total cell density of mammary cells in the bioreactor is about 50 cells per 100 um®.
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In some embodiments, the total cell density of mammary cells in the bioreactor is about 55 cells per
100 um?,

10212} In some embodiments, the total cell density of plasma cells in the bioreactor is about 200 to
500 plasma cells per mm*. In some embodiments, the total cell density of plasma cells in the
bioreactor is about 200 plasma celfs per mm?. In some embodiments, the total cell density of plasma
cells in the bioreactor is about 300 plasma cells per mm?”. In some embodiments, the total cell
density of plasma cells in the bioreactor is about 400 plasma cells per mm?. In some embodiments,

the total cell density of plasma cells in the bioreactor is about 500 plasma cells per mm?.

{0213} In some ermbodiments, the total surface area of mammary cells within the bioreactor 1s at
least about 1.5 m?. In some embodiments, the total surface area of mammary cells within the
bioreactor is at least about 2 m”. In some embodiments, the total surface area of mammary cells
within the bioreactor is at least about 2.5 m?2. In some embodiments, the total surface area of
mammary cells within the bioreactor is at least about 3 m*. In some embodiments, the total surface
area of mammary cells within the bioreactor is at least about 4 m®. In some embodiments, the total
surface area of mammary cells within the bioreactor is at least about S m?. In some embodiments, the
total surface area of mammary cells within the bioreactor is at least about 10 m?. In some
embodiments, the total surface area of mammary cells within the bioreactor is at least about 15 m®.
In some embodiments, the total surface area of mammary cells within the bioreactor s at least about
20 m?. In some embodiments, the total surface area of mammary cells within the bioreactor is at
least about 25 m”. In some embodiments, the total surface area of mammary celis within the
bioreactor is at least about 50 m?. In some embodiments, the total surface area of mammary cells
within the bioreactor is at feast about 100 m”. In some embodiments, the total surface area of
mamimary cells within the bioreactor is at least about 250 m*. In some embodiments, the total surface

area of mammary cells within the bioreactor is at least about 500 m*.

{8214} In some embodiments, the bioreactor maintains a temperature of about 27°C to about 39°C
{e.g., a temperature of about 27°C, 28°C, 29°C, 30°C, 31°C, 32°C, 33°C, 34°C, 35°C, 35°C, 35.5°C,
36°C, 36.5°C, 37°C, 37.5°C, 38°C, 38.5°C or about 39°C, or any value or range therein, e.g., about
27°C to about 38°C, about 36°C to about 39°C, about 36.5°C to about 39°C, about 36.5°C to about
37.5°C, or about 36.5°C to about 38°C}. In some embodiments, the bioreactor maintains a

temperature of about 37°C.

{0215} In some embodiments, the bioreactor has an atmospheric concentration of CO; of about 4%
to about 6%, e.g., an atmospheric concentration of COz of about 4%, 4.25%, 4.5%, 4.75%, 5%,
5.25%, 5.5%, 5.75%, or 6% or any value or range therein, e.g., about 4% to about 5 5%, about 4.5%
ta about 6%, about 4.5% to about 5.5%, or about 5% to about 6%). In some embodiments, the

bioreactor has an atmospheric concentration of COz of about 5%.
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{8216} In some embodiments, the bioreactor has an atmospheric concentration of CO2 of about 4%

to about 6%, e.g., an atmospheric concentration of COz2 of about 4%, 4.25%, 4.5%, 4.75%, 5%,
5.25%, 5.5%, 5.75%, or 6% or any value or range therein, e.g, about 4% to about 5.5%, about 4.59

to about 6%, about 4.5% to about 5.5%, or about 3% to about 6%). In some ersbodiments, the

bioreactor has an atmospheric concentration of COz of about 5%

{6217} In some embodiments, the method comprises monitoring the concentration of dissolved (32
and CO;. In some embodiments, the concentration of dissolved O; is maintained between about 10%
to about 25% or any value or range therein {e.g, about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, or 25%;). For example, in some embodiments, the concentration of disselved (32 s
maintained between about 12% to about 25%, about 15% to about 22%, about 10% to about 20%,
about 15%, about 20%, or about 22%. In some embodiments, the conceniration of COz is maintained
between about 4% to about 6%, e.g., a concentration of CO2 of about 4%, 4.25%, 4.5%, 4.75%, 5%,
5.25%, 5.5%, 5.75%, or 6% or any value or range therein, e.g., about 4% to about 5.5%, about 4.5

to about 6%, about 4.5% to about 5.5%, or about 5% to about 6%j). In some cmbodimmts the
concentration of Uz is maintained at about 5%.

{0218} In some embodiments, the culture medium is exchanged about every day to about every 10
days {e.g., every 1 day, every 2 days, every 3 days, every 4 days, every 5 days, every 6 days, every 7
days, every 8 days, every © days, every 10 days, or any value or range therein, e.g., about every day
to every 3 days, about every 3 days to every 10 days, about every 2 days to every S days}. In some
embodiments, the culture medium 1s exchanged about every day to about every few hours to about
every 10 days, eg., aboutevery 1,2,3,4,5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, or 24 hours to about every 1, 2, 3,4, 5,6, 7, 8, 9, or 10 days or any value or range thergin.
For example, in some embodiments, the culture medium is exchanged about every 12 hours to about
every 10 days, about every 10 hours to about every S days, or about every S hours to about every 3

days.

16219} In some embodiments, the method comprises monitoring the ghucose concentration and/or
rate of glucose consumption in the culture medium and/or in the lactogenic culture medium. In some
embodiments, the prolactin i3 added when the rate of glucose consumption in the culture medium is

steady staie.

{6220} In some embodiments, the method further comprises applying transepithelial electrical
resistance (TEER) to measure the maintenance of the monolayer of epithelial cells. TEER measures
a voltage difference between the fluids (e g, media) in two compartments {e.g., between the apical
and basal compartments), wherein if the barrier between the compartments loses integrity, the fluids
in the two compartments may mix. When there is fluid mixing, the voitage difference will be
reduced or eliminated; a voltage difference indicates that the barrier is intact. In some embodiments,

upon detection of a loss of voltage by TEER, a scaffold (e.g.. a Transwell® filter, a microstructured
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bioreactor, a decellularized tissue, a hollow fiber bioreactor, efc.) is reinoculated with additional
cells and allowed time to reestablish a barrier (e.g., a monolayer) before resuming production of the
cultured milk product (e.g., milk production).

{0221} In some ermnbodiments, the method further comprises collecting the cultured milk product
from the apical compartment to produce collected cultured milk product. In sore erubodiments, the
collecting is via a port, via gravity, and/or via a vacuum. fn some embodiments, a vacuum is
attached to a port.

{0222} In some embodiments, the method further comprises freezing the collected cultured milk
product to produce frozen cultured mitk product and/or lyophilizing the coliected cultured milk

product to produce Iyophilized cultured milk product.

10223} In some embodiments, the method further comprises packaging the collected cultured milk
product, the frozen cultured milk product and/or the lvophilized cultured milk product into a

contginer.

{8224} In some embodiments, the method further comprises extracting one o more components
from the collected cultured milk product. Non-limiting examples of components from the collected
cultured milk product include milk protein, lipid, carbohydrate, vitamin, and/or mineral contents. In
some embodiments, the compouents from the collected cultured sulk product are lyophilized and/or
concentrated to produce a lyophilized or a concentrated cultured milk product component product. In
sorme embodiments, the components from the collected cultured milk product are concentrated by,
e.g., membrane filiration and/or reverse osmosis. In some embodiments, the lyophilized or
concentrated cultured milk product component product is packaged in a container, optionally
wherein the container 18 stertle and/or a food grade container. In some embodiments, the container is
vacuum-sealed. In some embodiments, the container is a canister, ajar, a botile, abag, abox, ora
pouch. In some embodiments, the cultured milk product is a standardized, sterile cultured mitk

product. In some embodiments, the cultured milk product is for nutritional use.

{6225} In some embodiments, the cultured milk product is produced by any method disclosed

herein.
Excluded Components

{8226} By virtue of the fact that the cultured milk products produced by the methods disclosed
herein are manutactured outside of the human body, the cultured milk products are free of or
substantially free of certain components found in naturally-occurring breast mitk. In some cases, the
components are harmful (e.g., envirorruental contarninants and allergens) and in other cases, the
naturaily occurring components are simply present due to the naturally occurring milk being

naturally produced. Further, the design of the live cell construct and the bioreactor enables the
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production of cultured milk products disclosed herein that are free of or substantially free of cell

culture media and components thereof.
Cell Culture Media

{0227} Certain components of cell culture media may pass into the cultured milk product. For
example, serum albumin, linoleic acid and alpha-linolenic acid may be actively secreted by the
hMECs into the apical compartment with components of the cultured milk product produced by the
EMECs. In some embodiments, the total dry mass of the cultured milk product disclosed herein
comprises about 1% w/w to about 20% of cell media components greater than 150kDa. In some
embodiments, the total dry mass of the cultured milk product disclosed heretn comprises about 5%
w/w to about 10% of cell media components greater than 150kDa. In some embodiments, the total
dry mass of the cultured mulk product disclosed herein comprises about 5% w/w of cell media
components greater than 150kDa. In some embodiments, the total dry mass of the cultured milk
product disclosed herein comprises about 20% w/w to about 40% of cell media components less than
150kDa. In some embodiments, the total dry mass of the cultured milk product disclosed herein
comprises about 25% w/w to about 35% of cell media components less than 150kDa. In some
embodiments, the total dry mass of the cultured milk product disclosed herein comprises about 25%
w/w to about 30% of cell media components less than 150kDa. In some embodiments, the total dry
mass of the cultured rmilk product disclosed herein comprises about 25% w/w of cell media

components less than 150kDa.

{0228} In some embodiments, the total dry mass of the cultured milk product disclosed herein
comprises less than 80% w/w of cell media components greater than 150kDa. In some embodiments,
the total dry mass of the cultured mitk product disclosed berein comprises less than 85% w/w of cell
media components greater than 150kDa. In some embodiments, the total dry mass of the cultured
mitk product disclosed herein comprises less than 90% w/w of cell media components greater than
150kDa. In some embodiments, the total dry mass of the cultured milk product disclosed herein
comprises less than 95% w/w of cell media components greater than 150kDa. In some embodiments,
the total dry mass of the cultured milk product disclosed herein comprises less than 97% w/w of cell
media components greater than 150kDa. In some embodiments, the total dry mass of the cultured
milk product disclosed herein comprises less than 98% w/w of cell media components greater thao
150kDa. In some embodiments, the total dry mass of the cultured milk product disclosed herein

comprises less than 99% w/w of cell media components greater than 150kDa.

{6229} In some embodiments, the total dry mass of the cultured milk product disclosed herein
comprises less than 60% w/w of cell media coroponents less than 150kDa. In some embodiments,
the total dry mass of the cultured milk product disclosed herein comprises less than 65% wiw of cell
media components less than 150kDa. In some embodiments, the total dry mass of the cultured milk
product disclosed herein comprises less than 70% w/w of cell media components less than 150kDa.
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In some embodiments, the total dry mass of the cultured milk product disclosed herein comprises
fess than 75% wiw of celi media components fess than 150kDa. In some embodiments, the total dry
mass of the cultured milk product disclosed herein comprises less than 77% w/w of cell media
components less than 150kDa. In some embodiments, the total dry mass of the cultured ruilk product
disclosed herein comprises less than 78% w/w of cell media components less than 150k2a. In some
embodiments, the total dry mass of the cultured milk product disclosed herein comprises less than
79% wiw of cell media components less than 150kDa. In some embodiments, the total dry mass of
the cultured milk product disclosed herein comprises less than 80% w/w of cell media components
less than 150kDa.

Fmvironmenial Contaminants and Dirugs

10230} Breast milk contains low but measurable concentrations of environmental contaminants,
health-harming chemicals from industry and manufacturing products that are widely spread in the
environment. Environmental contaminants are partly secreted in breast milk. The contaminant levels
in breast milk reflect those in the mother's body and are therefore ideal for monitoring exposure
fevels. Toxic environmental contaminants can be transferred from mother to infant via breastfeeding.
Persistent organic pollutants (POPs) are a family of lipophilic stable chemicals that bicaccumulate in
adipose tissue and create a lasting toxic body burden. Breastfeeding provides a significant source of

exposure to POPs early in human life, the effects of which are unknown.

[0231] In some embodiments, the cultured milk product does not comprise or s substantially free of
one or more environmental contaminanis. In some embodiments, the cultured mitk product does not
comprise or is substantially free of persistent organic pollutants (POPs). In some embodiments, the
cultured mitk product does not comprise or 1s substantially free of polychlotinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs), polychlorinated biphenyls (PCBs) and pesticides
such as DDT.

10232} Heavy metals such as mercury, lead, arsenic, cadmium, nickel, chromium, cobalt, zinc, and
other potentially toxic metals that are dispersed throughout the environment also have
bicaccumulative features known to accumulate in human milk and thus are of concern to the nussing
infant. Metal in breast milk originates from exogenous sources, i.e., uptake via contaminated air,
food, and drinking water, and endogenous release along with essential trace elements. For example,
fead and mercury are equally dispersed in the human food chain, and their impact on fetal
development is heavily determined by the mother’s diet and nutritional status. The exposures to
toxic metals have significant public health implication, even at small concentrations and acute
exposures, these metals remain toxic to humans. A oursing infant may be exposed to toxic metals in
a period of highest susceptibility. Nursing infants may be exposed to heavy metals through breast

milk in excess of what they should, and exposure may have health implication for the infants. For
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infants in particular, these exposures may have adverse effect on the developing central nervous

system, leaving a life-long defect on their cognitive abilities.

10233} Breastmilk may contain residues of any pharmaceutical or recreational drugs used by the
mother, Certain prescription drugs such as chemotherapeutics are counter-indicated for breastfeeding
due to the risks for the infant. Coramonly used recreational intoxicants such as cannabis and alcohol
transfer to breastmilk. Furthermore, psychoactive substances are detected in breastmilk from women
who use these drugs while lactating, and metabolites of illicit drugs have been found in hair samples

from children who were breastfed by mothers who ingested these substances while breastfeeding,

{0234} In some embodiments, the cultured milk product does not comprise or is substantially free of
one or more heavy metals, such as arsenic, lead, cadmium, nickel, mercury, chromium, cobalt, and
zine. In some embodiments, the cultured milk product does not comprise or is substantially free of
arsenic. In some embodiments, the cultured milk product does not comprise or 1s substantially free
of lead. in some embodiments, the cultured milk product does not comprise or s substantially free of
cadmium. In some embodiments, the cultured milk product does not comprise or is substantially free
of ickel. In some embodiments, the cultured milk product does not comprise or 18 substantially free
of mercury. In some embodiments, the cultured milk product does not comprise or is substantially
free of chromium. In some embodiments, the cultured milk product does not comprise or is
substantially free of cobalt. In some embodiments, the cultured milk product does not comprise or is
substantially free of zinc. In some embodiments, the cultured milk product does not comprise or is

substantially free of arsenic, lead, cadmium, nickel, mercury, chromium, cobalt, and zinc.

{6235} In some embodiments, the cultured milk product does not comprise or is substantially free of
drugs from the group cousisting of? chemotherapeuntics, antidepressants, anti-anxiety roedications,
benzodiazepines, alcohol, cannabis, opioids, phencyclidine, cocaine, or metabolites thereof. In some
embodiments, the cultured milk product does not comprise or is substantially free of drugs from the

group consisting of’ lithium, carbamazepine, chlorpromazine, and clozapine.
Allergens

{0236] Foreign allergenic proteins can be difficult to distivguish from endogenous human milk
proteins. Food proteins with allergenic potential that have been detected in human milk include hen's
egg and peanut proteins. There are eight major food allergens, known as the big &, that are
responsible for most of the serious food allergy reactions in the UK. The big 8 list i3 comprised of
milk, egg, fish, crustacean shelifish, tree nuts, peanuts, wheat, and sovbean allergens. Proteins
known to cause egg allergy include ovomuceid, ovalbumin, and conalbumin. Peanuts proteins
include arachin 6, arachin 3, conarachin, main allergen Arahl, and arachin Arah2. As an example of
maternal dietary protein transportation to milk, it has been shown that the consumption of one egg
per day leads to higher concentrations of the chicken egg allergen ovalbumin (OVA) in human milk
compared to egg-avoiding mothers.
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{6237} In some embodiments, the cultured milk product does not comprise or is substantially free of
one or more food allergens. In some embodiments, the cultured milk product does not comprise or is
substantially free of egg, fish, crustacean shellfish, tree nuts, peanuts, wheat, and sovbean allergens.
In some embodiments, the cultured mitk product does not comprise or 18 substantially free of egg
allergens. In some embodiments, the cultured milk product does not comprise or is substantially free
of fish allergens. Inn some embodiments, the cultured milk product does not comprise or is
substantially free of crustacean allergens. In some erbodiments, the cultured milk product does not
comprise or is substantially free of tree nut allergens. 1n some embodiments, the cultured milk
product does not comprise or is substantially free of peanut allergens. In some embodiments, the
cultured milk product does not comprise or is substantially free of wheat allergens. In some
embodiments, the cultured milk product does not comprise or is substantially free of soybean

allergens.

{0238} In some embodiments, the cultured milk product does not comprise or is substantially free of

arachin 6, arachin 3, conarachin, Arahl, and Arah2.

{0239} In some ernbodiments, the cultured milk product does not comprise or is substantially free of
ovalbumin {OVA).

(ells

{6240} Naturally occurring breastmilk contains a substantial population of living cells representing a
diversity of cell types, including human stem cells, human immune cells, and bacterial cells. Breast
milk contains approximately 146,000 cells/ml and that the amount decreases in trausitional (8-12
day postpartum) and mature milk (26-30 day postpartum) to 27,500 and 23,650 cells/m],
respectively. Cells include the myeloid precursors (9-20%), neutrophuls (12-27%), immature
granulocytes {(8—-17%), and non-cytotoxic T cells (6-7%). The existence of the buman milk
microbiome was discovered only a decade ago. It is estimated that an infant feeding on 800 mi of
breast milk per day could ingest 107-10° bacterial cells daily. The most frequent bacteria found in
human milk are those belonging to the species Staphylococcus, Aciuetobacter, Streptococcus,

Pseudomonas, Lactococcus, Enterococcus and Lactobacillus.

16241} In some embodiments, the cultured milk product does not comprise or is substantially free of
a cell. In some embodiments, the cultured milk product comprises a human mammary epithelial cell
and/or a plasma cell. In some embodiments, the cultured milk product does not comprise or is
substantially free of a cell other than one or more human mammary epithelial cells and/or one or
more plasma cells. In some embodiments, the cultured milk product does not comprise or is
substantially free of cells selected from the group consisting of: stem cells, myoepithelial cells,
myeloid precursor cells, neutrophils, granulocytes, T cells, Staphylococcus, Acinetobacter,
Streptococcus, Pseudomonas, Lactococcus, Enterococcus and Lactobacillus. In some embodiments,
the cultured milk product comprises a human mammary epithelial cell and/or a plasma cell. In some
67~
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embodiments, the cultured milk product does vot comprise or is substantially free of a cell other than

one or more human mammary epithelial cells and/or one or more plasma cells.
Viruses

{6242} Naturally occurring breastmilk may transmit certain infectious agents, such as hepatitis B
virus, hepatitis C virus, cytomegalovirus, West Nile virus, human T-cell lvmphotrophic virus, and
human immunodeficiency virtus. In somwe embodiments, the cultured milk product does vot comprise
or is substantially free of a virus. In some embodiments, the cultured milk product does not comprise
or 13 substantially free of a virus selected from the group consisting of: hepatitis B virus, hepatitis C
virus, cytomegalovirus, West Nile virus, human T-cell lymphotrophic virus, and human

immunodeficiency virus.
Hormones

{0243} Naturally occurring breastmilk may include hormones from maternal circulation, such as
feptin, ghrelin, and adiponectin, that are synthesized outside the mammary gland and transported into
milk across the marmary epitbeliurn. In some embodiments, the cultured milk product does not
comprise a hormone. In some embodiments, the cultured milk product does not comprise a hormone
selected from the group consisting of leptin, ghrelin, adiponectin, thyroxine {T4), triiodothyronine
{T3) thyrowd-stimulating hormoune (TSH), epidermal growth factor, beta~-endorphin, relaxin, cortisol,

and erythropoietin.

Methods of Use

{8244} Disclosed herein, in certain embodiments, are methods of treating and/or preventing a
microbial infection in a subject in veed thereof, comprising administration of a cultured mulk product
comprising IgA or sigA described herein, or and immunotherapeutic composition comprising

isolated IgA or sigA described herein,

{6245} In some embodiments, the subject is a human. In some embodiments, the human subject is an
infant. In some embodiments, the buman subject is immuno-coropromised. In some embodiments,
the human subject has a disease selected from: severe combined immunodeficiency (SCID),
HIV/AIDS, a cancer, or an autoimmune disease. In some embodiments, the human subject has lupus
or diabetes {(for example, Type | diabetes or Type I disbetes). In some embodiments, the human
subject is an organ or bone marrow transplant recipient. In some embodiments, the human subject is
malnourished. In some embodiments, the human subject has malabsorption syndrome. In some
embodiments, the human subject has wasting syndrome. In some embodiments, the human subject is
geriatric. In some embodiments, the human subject has cystic fibrosis, COPD, or non-CF

bronchiectasis.
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{6246] In certain embodiments, the immunotherapeutic corpositions and cultured milk products
comprising IgA and/or slgA are administered to patients in an effective amount for the treatment or
prevention of a microbial infection. In some embodiments, the microbial infection is a bacterial

infection, fungal infection or parasitic infection.

[0247] In certain embodiments, the microbial infection is a bacterial wofection. Non-hmiting
examples of bacterial infections that can be treated and/or prevented include infections caused by:
Streptococcus preumoniae, Moraxella catarvhalis, Staphyiococcus aureus, Streptococcus pyogenes,
Salmonella, Shigella, Campylobocier, Staphylococcus wrens, Helicobacter pylori, E. cofi, C.

difficile, or Vibric cholerae.

{02438} In certain embodiments, the microbial infection is a viral infection. Non-fimiting examples of
viral infection that can be treated and/or prevented include infections caused by: influenza virus,

parainfluenza virus, respiratory syneytial virus, rhinovirus, and human metapneumovirus.

1024%] In some embodiments, the microbial infection is a parasitic infection. In some embodiments,
the parasitic infection is an infection of Giardia lamblia, Entamoeba histolytica, Cryptosporidium

spp., or Cystoisospora bellt,

{0280} In some embodiments, the microbial infection is a fungal infection. In some embodiments,

the fungal infection is an infection of Aspergillus, Cryptococcus, or Pneumocystis jirovecit.

{8251} In certain embodiments, the cultured milk product immune comprising IgA or sigA, or
therapeutic composition comprising IgA or slgA are administered orally to a subject to treat or
prevent a gastrointestinal infection. In certain embodiments, the gastrointestinal infection is bacterial
or viral gastroenteritis. In certain embodiments, the subject has an ulcer caused by an infection of

Helicobacter pylori.
{6252} In some embodiments, the microbial infection 1s Candidiasis.

{0253} In some embodiments, the microbial infection is a respiratory infection. In some
embodiments, the respiratory infection is pneumonia, bronchitis, Aspergillosis, or Cryptococcosis.
In some embodiments, the respiratory infection 15 an infection by B. cepacia, P. aeruginosa S.

aureus, Aspergillus, Cryptococcus, or Pneumocystis,

{0254} In certain embodiments, the immunotherapeutic compositions disclosed herein are
administered to a subject as a nasal inhalant to treat or prevent a respiratory infection. In some
embodiments, the composition is formulated for inhalation. In some embodiments, the composition

is a powder. In some embodiments, the composition is formulation for administration by a nebulizer

{6255} In certain embodiments, the immunotherapeutic compositions and/or cultured milk products

are administered in combination with another anti-microbial agent (i.e, antibiotic or anti-viral
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agent). [n certain embodiments, the cultured roilk product described herein are administered with an

additional nutritional product for treatment and/or preveation of a gastrointestinal infection.

{6256} Having described the present disclosure, the same will be explained in greater detail in the
following examples, which are included herein for illustration purposes only, and which are not
intended to be funiting to the disclosure.

EXAMPLES

{0257} The Examples that follow are iHustrative of specific embodiments of the disclosure, and
various uses thereof. They are set forth for explanatory purposes only and should not be construed as
Hmiting the scope of the disclosure in any way.

EXAMPLE §: Production of Milk Components from Human Mammary Epithelium

[0258] In this example, human mammary epithelium s recapitudated and milk s produced i vifro.
The system and process described is exemplary and can be scaled to produce multiliter volumes of
milk components. Mammary epithelial celis are expected to form a polarized monoclayer on
bioreactor fibers that have been precoated with one or more of laminin and collagen or other
extracellular matrix proteins, as well as on uncoated fibers. When confluent, the monclayer forms a
barrier that divides the intra- and extracapillary space (ECS), with the basal surface attached to the
fibers and the apical surface oriented toward the ECS. Milk component production is stimulated by
addition of prolactin to the media. The secreted milk components are collected from the ECS and
submitted for downstream analyses of the protein, lipid, and carbohydrate content in comparison to

human breast milk produced in vivo.
{0259} Materials for use in this Example are shown in Table 3.

Table 3. Materials

ftem Supplier {atalog Number
Primary mammary epithelial cells  ATCC PCS-600-010
Maromary epithelial cell basal ATCC PCS-600-30
medinm

Mammary epithelial cell growth kit IATCC PCS-600-040
Dulbecco’s phosphate buffered ATCC ATCC 30-2200
saline (D-PBS)

Trypsin-EDTA ATCC PLS-999-(03
Trypsin Neutralizing Selution ATCC PCS-999-004
EHS (Laminin-1/111) Sigma 1.2020-1MG
Coilagen-1V Sigma C5533-5MG
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{0268] Procedures
{0261} Expansion of primary human mammary epithelia cells (HMECs)

{0262} Human mammary epithelial cells (1 ampoule; 5x10° cells) are expanded into one collagen-
V-coated T300 flask (or two T175 flasks) in mammary epithelial cell medium prepared with
supplements provided in the kit listed in Table 3. Once an appropriate cell number is obtained, cells
are rinsed with D-PBS and collected from the plates using trypsin-EDTA. Once cells are detached,
trypsin activity is halted using Trypsin Neutralizing Solution. Cells are resuspended in medium and

seeded into a hollow fiber bioreactor (Fibercell Systems), prepared as described below.
j0263] Preparation of heliow fiber biovreactor (C2025B, 20 kD MWCO)

{6264} Prior to seeding, a bicreactor cartridge (Fibercell Systems) is prepared by preculturing with
PBS for a minimum of 24 hours. The bioreactor cartridge is optionally pre-coated by adding about
50-100 pg of one or more of collagen I, collagen IV, laminin-111 {e.g., laminin- 111 isolated from
Engelbreth-Holm Swarm tumor), alpha-4, alpha-5, {ibronectin, and/or entactin in 3.2 mL of PBS and
allowing ultrafiitration across the tiber at room temperature overnight. The uncoated or precoated
cariridge is exchanged with medium and incubated overnight at room temperature. The medium i3
then exchanged with the cells collected from the T300 (or T175) flask(s). The reservoir volume is no

more than 125 mL. The cartridge 1s rotated 180 degrees after seeding the cells.
{0265} Celi growth in the biereactor and prolactin stimulation

{0266] After seeding the bioreactor, cells are grown in mammary epithelial cell growth medium
supplemented with 10-25 mL DMEM/10% CDM-HD (Dulbecco’s Modified Eagle Medium;
Chemically Defined Medium for High Density Cell Culture) per 100 mL medium. The proportion of
DMEM/CDM-HD can be adjusted based on the rate of glucose consumption.

18267} Before stimulation of milk secretion, the medium in the ECS is flushed and replaced with
PBS. To stimulate milk component secretion, medium supplemented with 100 ng/mL prolactin is
added. The lactogenic medium can also be supplemented with an elevated concentration of glucose
and the essential dietary precursors for milk fatty acids, linoleic acid and a-linolenic acid. The
bioreactor is maintained for 10 days with sampling as described below,

{0268} Harvesting and sample preparation

{6269} Samples, comprised of supernatant from the ECS and an equivalent volume of media from
the reservoir, are collected once daily for 10 days atter addition of prolactin to the media. The
samples are spun in a centrifuge to collect any debris and resuspended in an equivalent volume of
PBS. The supernatants from the ECS and media samples are divided into 0.5 mL aliquots in
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microfuge tubes and frozen at -80°C. The pellet debris s resuspended o a volume of PBS equivalent
to the original sample and frozen at ~-80°C. Samples are processed to determine relative

concentrations of milk components produced.
{0270} Scaling for multiliter production

{6271} To scale for multliter production, the preceding procedure with relative adjustments in

reagent volumes for a larger bioreactor {e.g., Fibercell Systems cat. no. C2018) is performed.
EXAMPLE 2:

j001] A cell culture system designed for the collection of milk should support compartmentalized
secretion of the product such that the milk is not exposed to the media that provides nutrients to the
cells. In the bedv, milk-producing epithelial cells line the interior surface of the mammary gland as a
continuous monolayer. The monolayer is oriented such that the basal surface is atiached to an
underlying basement membrane, while milk is secreted from the apical surface and stored in the
haminal compartment of the gland, or alveolus, until 1t 15 removed during mitking or feeding. Tight
junctions along the lateral surfaces of the cells ensure a barrier between the underlying tissues and
the milk located in the alveolar compartment. Therefore, iz vive, the tissue of the mammary gland is
arranged such that mulk secretion 1s compartmentalized, with the mammary epithelial cells
themselves establishing the interface and maintaining the directional absorption of nutrients and

secretion of mitk.

10021 The present disclosure describes a cell culture apparatus that recapitulates the
compartmentalizing capability of the mammary gland that is used to collect mitk from mammary
epithelial cells grown outside of the body. Such an apparatus can include a scaffold to support the
proliferation of mammary cells at the interface between two compartments, such that the epithelial
monolayer provides a physical boundary between the nutrient medium and the secreted milk. In
addition to providing a surface for growth, the scaffold provides spatial cues that guide the
polarization of the cells and ensures the directionality of absorption and secretion. This invention
describes the preparation, cultivation, and stimulation of maramary epithelial cells in a
compartmentalizing cell culture apparatus for the production and collection of mitk for nuiritional

use {see e.g., FI1G. 1).

{603] Preparation of mammary epithelial cells. Mammary epithelial cells are cbtained from
surgical explants of dissected mammary tissue {e.g., breast, udder, teat), biopsy sample, or raw
breastmilk. Generally, after surgical dissection of the mammary tissue, any fatty or stromal tissue ig
manually removed under aseptic conditions, and the remaining tissue of the mammary gland is
enzymatically digested with collagenase and/or hyaluronidase prepared in a chemically defined
nutrient media, which should be composed of ingredients that are “generally recognized as safe”

{GRAS). The sample is maintained at 37 °C with gentie agitation. After digestion, a suspension of
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single cells or organoids is collected, either by centrifugation or by pouring the sample through a
sterile nvlon cell strainer. The cell suspension is then transferred 1o a tissue culture plate coated with

appropriate extracellular matrix coraponents {¢.g., collagen, laminin, fibronecting.

{604} Alternatively, explant specimens can be processed into small pieces, for example by mincing
with a sterile scalpel. The tissue pieces are plated onto a suitable surface such as a gelatin sponge or

a plastic tissue culture plate coated with appropriate extracelbular matrix.

{605} The plated cells are maintained at 37 °C in a humidified incubator with an atmosphere of 5%
COn. During incubation, the media is exchanged about every 1 to 3 days and the cells are sub-
cultured until a sufficient viable cell nmumber is achieved for subsequent processing, which includes
preparation for storage in liquid nitrogen; development of immortalized cell lines through the stable
transfection of genes such as SV40, TERT, or other genes associated with senescence; isolation of
mammary epithelial, myoepithelial, and stem/progenitor cell types by, for example, fluorescence-
activated cell sorting; and/or introduction into a compartmentalizing tissue culture apparatus for the

production and collection of milk for human consumption.

[006] Cultivation of mammary epithelial cells for the production of milk. Milk for nutritional
use i3 produced by mammary epithelial cells isolated as described above and cultured 1o a format
that supports compartmentalized secretion such that separation between the nutrient medium and the
product is maintained. The system relies on the ability of mammary epithelial cells to establish a
continuous monolayer with appropriate apical-basal polarity when seeded onto an appropriate
scaffold positioned at the interface between the apical compartment, into which milk is secreted, and
the basal compartment, through which nutrient media is provided (see, e.g., FIG. 2}. Transwell®
filters placed in tissue culture plates, as well as bioreactors based on hollow fiber or rutcrostructured

scaffolds, for example, are used to support these characteristics.

{6071 Following the isolation and expansion of mammary epithelial cells, the cells are suspended in
a chemically defined nutrient medium composed of food-grade components and inoculated into a
culture apparatus that has been pre-coated with a mixture of extracellular matrix proteins, such as
collagen, laminin, and/or fibronectin. The cell culture apparatus is any design that allows for the
compartmentalized absorption of nutrients and secretion of product from a polarized, confluent,
epithelial monolayer. Examples include hollow fiber and microstructured scaffold bioreactors (see,
e.g., FIGS, 3 and 4, respectively}. Alternatives include other methods of 3-dimensional iissue
culture, such as the preparation of decellularized mammary gland as a scatfold, repopulated with
stem cells to produce a functional organ i vifre, or collection of milk from the lumen of maramary
epithelial cell organoids or “mamroospheres” grown either in a hydrogel matrix or in suspension.

-

{8081 The apparatus includes sealed housing that maintains a temperature of about 37°Cina
humidified atmosphere of about 5% COn. Glucose uptake is monitored to evaluate the growth of the

culture as the cells proliferate within the bioreactor. Stabilization of glucose consumption indicates

5y
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that the cells have reached a confluent, contact-inhibited state. The integrity of the monolayer is
ensured using transepithelial electrical resistance. Sensors monitor concentrations of dissclved O2
and CO2 in the media at multiple locations. A computerized pump circulates media through the
bioreactor at a rate that balances the delivery of nutrients with the removal of metabolic waste such
as ammonia and lactate. Media can be recycled through the system after removal of waste using
Lactate Supplementation and Adaptation technology (Freund et al. 2018 /n# ./ Mol Sci. 19(2)) or by
passing through a chamber of packed zeolite.

j069] Stimulation of milk production. /n vivo and in cultured mammary epithelial cells, the
production and secretion of milk is stimulated by prolactin. In culture, prolactin can be supplied
exogencusly in the nutrient media at concentrations approximating those observed in the body
during lactation, e.g., about 20 ng/mL to about 200 ng/mL. Purified prolactin can be obtained
commercially; however, alternative methods of providing prolactin or stimulating lactation are
employed, including expression and purification of the recombinant protein from microbial or
mammalian cell cultures. Alternatively, conditioned media prepared by culturing cells that express
and secrete prolactin can be applied to mammary epithelial cell cultures to stimulate lactation,
Bioreactors can be set up in series such that media passing through a culture of cells expressing
prolactin or other key media supplements is conditioned prior to exposure to mammary cells grown

in a compartmentalizing culture apparatus as described.

{0818} Other approaches to upregulate milk production and/or spare the use of exogenous prolactin
include molecular manipulation of the signaling pathways that are regulated by binding of prelactin
to its receptor on the surface of mammary epithelial cells, such as the following: (a) expression of
constructs targeting the posttransiational modification of prolactin; (b} expression of alternative
isotypes of the prolactin receptor; (¢) expression of a chimeric prolactin receptor in which the
extraceliular domain 1s exchanged with the binding site for a different ligand; (d} introduction of a
gene encoding a constitutively or conditionally active prolactin receptor or modified versions of its
downstream effectors such as STATS or Akt; (e} knockout or modification of the PER2 circadian
gene; and/or {f) molecular approaches aimed at increasing the rate of nutrient uptake at the basal

surface of the mammary epithelial monoclayer.

{8011} Collection of milk. Secreted milk is collected continuously or at intervals through, for

example, a port installed in the apical compartment of the culture apparatus. A vacuum is applied to
the port to facilitate collection and also contributes to the stimulation of further production. The
collected milk is packaged ioto sterile containers and sealed for distribution, frozen or lyophilized
for storage, or processed for the extraction of specific components.

{0012} The present invention provides mammary epithelial cell cultures for the production of milk

for nutritional use. In addition to human breast milk, this method may be used to produce milk from

other mammalian species, for example, for human consurption or veterinary use. Because it has not

iy
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been previously possible to produce milk outside the body, this technology may result in novel
commercial opporfunities, in addition to providing an alternative mode of production for existing
products. The social and economic etfects of the commercial development of this technology are
broad and far reaching. Production of human breast mitk from cultured cells may provide a means to
address infant malnutrition in food-scarce communities, provide essential nutrients to premature
infants who are unable to breastfeed, and offer mothers a new option for feeding their babies that
provides optimal nutrition with the convenience of infant formula. Production of cow or goat milk
provides an opportunity to reduce the environmental, social, and animal welfare effects of antmal
agriculture. The process described here addresses an important gap in the emerging field of cellular
agriculture and introduces an opportunity to dramatically update the human food supply without
compromising our biological and cultural attachment to the most fundamental of our nutrition

sources.
EXAMPLE 3: Manufacturing milk compositions comprising immunoglobins

10272} Primary mammary tissue is collected from a healthy donor. CD20+ immune cells and
mammary epithelial cell populations are sorted by FACS analysis using known markers for the
myoepithelial and tuminal epithelial cell populations. The isolated mammary cells and immune cells
are immortalized prior to co-culture of the cells. The timmortalized immune cells are co-cultured
with immortalized isolated mammary epithelial cells in a hollow fiber bioreactor and grown to
confluence. The culture is stimulated with profactin to stimulate milk production. The secretory cell
culture product comprising immunoglobulins, including secretory IgA is then harvested by a non-

disruptive withdrawal mechanism.

EXAMPLE 4: Manufactaring of immunotherapy compositions from co-coltured mucosal

epithelial cells and immune cells

{6273] Primary mammary epithelial cells and CD20+ immune cells are harvested from tissue
derived from patients who have recovered from a mucosal infection. Patients are selected that have
been tested positive for serum that exhibits viral neutralization activity. The CD20+ immune cells
are co-cultured with the mammary epithelial cells in a holiow fiber bioreactor. The immune cells are
grown in 2-D culture, followed by inoculation into a hollow fiber bioreactor and grown to maximum
density (i.e., superconfluence} within the bioreactor. The co-culture of the mucosal epithelial cells
and immune cells are stimulated to produce immunoglobins including secretory IgA. The co-culture
is stimulated with one or more of a stimulant selected from, a viral protein, a viral protein fragment,
prolactin, TGF-8, and interleukin 10 (IL-10). The products from the co-culture of mucosal epithelial
cells and stimulated immune cells are harvested using a standard vacuum method. In certain
embodiments, the secreted product is purified. The immunoglobulins are purified from the harvested
secreted product. The purified secreted product is formulated as an inhalant for human pulmonary
administration and is effective in the treatment of respiratory iufection.
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EXAMPLE 3: Treatment Of Respivatory Infection With hnmunotherapy Composition From
Co-Cultured Muceosal Epithelial Cells And Immune Cells

{8274} An immunoctherapy composition produced as described above in Example 3 1s formulated as
an inhalant and 15 administered to a patient harboring a respiratory infection, in an amount effective
to treat the infection. The immwunotherapy composition is effective at reducing the severity of
symptoms of the infection in the patient.

EXAMPLE 6: CULTURED MILK PRODUCTY

10275} Mammary epithelial cells (MECs) produce the majority of milk components and regulate
milk composition inside the body during lactation. Here we describe the composition of cell-cultured
human roilk products that can be obtained by culturing buman MECs (hMECs} in a hollow fiber
bioreactor (HFBR), which provides a permeable scaffold and aliows the formation of an adherent
culture that maintains an epithelial barrier between cell culture media, which is circulated through
the bioreactor capillaries, and the secreted product, which is collected from the extracapiliary space
(ECS).

{6276] Production and Analysis

10277} The product compositions described 1n this example represent the biosynthetic output of
hMECs derived from a variety of sources cultured tn HFBRs under lactogenic conditions (Figure

94}. The cellular tnputs include publicly available primary and immortal hMECs (Table 4).

Table 4. Cellular inputs and culiure media formulations for the production of human

milk producis,

Cellular Input | Basal Media Growth Media Lactogenic Media

Primary hMEC | Mammary Epithelial | ATCC Mammary Growth Media + 200

Donor #1 Cell Media Epithelial Cell Growth | — 400 ng/mL prolactin
Kit

Primary hMEC | Mammary Epithelial | Basal Media Growth Media

Donor #2 Cell Media (ATCC) + Mammary + 200 - 400 ng/mL
Epithelial Cell Growth | prolactin (Sigma}
Kit (ATCC)

Immortal RPMI-1640 {Gibeo) Basal Media Growth Media

hMEC + 10% FBS (Sigma) + 200 — 800 ng/mL

PMC42-LA prolactin (Sigma)

Immortal MEBM (Lonza} MEGM (Lonza} MEGM

EMEC + 200 — 400 ng/mL

MCFIOA prolactin (Sigma)
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{6278} Buefly, after expansion in tissue culture flasks, hMECs were inoculated into the ECS of an
HFBR, and oxygenated culiure media was circulated through the capillaries using a peristaltic pump.

18279} Growth media to support the proliferative phase of the process corresponds to the designated

Basal media, supplemented with required growth factors to sustain proliferation.

10280] After inoculation, proliferation was monitored by evaluating the datly glucose utilization rate
{GUR) with a glucometer (AccuCheck). An increasing GUR correspouds to increased metabolic
activity as a result of an increased number of cells during the proliferative phase of the process.
Stabilization or reduction of the GUR indicates that the cells have achieved a contluent state and
growth has become contact-inhibited. Once confluence was achieved, the culture media circulating
through the capillaries of the HFBR was transitioned 1o a Lactogenic media supplemented with
recombinant human prolactin (Sigma). Notably, the transition to lactogenic media was observed to
correspond to a second phase of increasing GUR associated with the elevated metabolic demands of
milk biosynthesis, including the production of lactose (Figure 9B} During the lactogenic phase of
the process, the ECS was sampled at regular intervals for analytical testing by using a syringe to
introduce fresh PBS into one ECS access port at the same time that an equal volume of the product

sample was withdrawn through a syringe at the other ECS access port.

{0281} Under lactogenic stimudation, hMECs achieved a state of terminal differentiation, forming a
confluent monolayer with apical/basal polarity and tight junctions at the lateral surfaces, resulting in
an impermeable barrier between the basal compartment and the apical compartment. The basal
surface attached to the extracellnlar matrix that was deposited over capiilaries, and the apical surface
oriented toward the ECS. With this orientation, the hMECs assembled their absorption and secretion
machineries along the apical/basal axis, allowing nutrient uptake at the basal surface from media that
was perfused through the capillaries, and product secretion at the apical surface, into the ECS, where
it accumulated until it was withdrawn from the unit. Product accumulation was demonstrated by the

detection of lactose, beta-casein, and increased total protein content within the ECS (Figure 9B-D).

{8282} The rate of product accumulation in the ECS was determined by the number of cells that the
HFBR could accommodate, which was limited by the available surface area for cell attachment and
media perfusion. This process was carried out using commercially available HFBRs that could
accommaodate approximately 1078 (Fibercell Systems, C2025D) to 10711 (Fibercell Systems C2018)
cells. We estimate that a lactating human mammary gland, representing approximately 1 kg of
tissue, contains approximately 10°11 cells, and that a HFBR capable of supporting this cell number
would be able to produce a daily cutput similar to that of a lactating mammary gland. A theoretical
vield based on these estimates is supported by quantitative analysis of the total protein content of our
ECS samples collected during lactogenic stimulation (Figure 9D). Furthermore, the increased protein

content of the product withdrawn from the ECS compared to the culture media confirms that the
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cells provide a functional barrier between the compartments and preclude the diffusive transfer of

media components into the product.
{0283} Macromelecular Product Composition

{6284} In addition to confirming that the total protein production by hMECs grown in a HFBR
corresponds to that expected for milk, we undertook a series of untargeted and targeted analyses to
evaluate the molecular composition of these products and ascertain the presence of human milk
components. Mass spectrometry was used to investigate the protein, lipid, and carbohvdrate contents
of our products over time during runs spanning up to 90 days, and the top 10 most abundant human
milk components fror each category are presented in Table 5. Correspounding analyses of the cell
culture media formulations used in each run confirm that the listed components were synthesized by

the hMECs, as they were not present in the media.

Table 5. Top protein, lipid, and carbohydrate components of human milk observed in samples collecied
from hMECs cultured under lactogenic stimulation in a hollow fiber bioreactor, listed in order of

abundance

Fraction Component

Protein Beta-casein

Algha-lactalbumin

Kappa-casein

Alpha-Sl-casein

Lactoferrin

Butrophilin

QOsteopontin

Lactadherin

Lysozyme

Mucin-4

Mucin-1

Fatly Acids CR:0, caprvlic acid

C10:0, capric acid
£12:0, lauric acid

C13:0, tridecylic acid

C14:0, myristic acid

C16:0, palmitic acid

16:1, paimitoleic acid

C18:2n-6, lincleic acid, LA

C18;3n-3, alpha-linolenic acid, ALA

C20:3n-8, dihomao-gama-linolenic acid, DGLA
£20:4n-6, arachadonic acid, AA

£20:5n-3, eicosopentancic acid, EPA

£22:6n-3, docosahexaensic acid, DHA

S8
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€22:1n9, eruic acid

£24:1, nervonic acid

Carbohydrate | Lactose

Glucose
3-8l
&-5L
LNT
LNnT

16285] Beyond the nutritional content, it is iroportant to note that the detected components represent
a number of the known bioactive species in breastmilk and are associated with development of the
infant immune system and defense, gut development, and brain development. Of particular interest,
we have also detected numerous free oxylipin metabolites of polyunsaturated fatty acids, such as 9-
hydroxyoctadecadienoic acid , which have been reported to have anti-inflammatory and pro-

inflammatory activity.
{0286} Conclusion

[0287] These results and our ongoing analyses suppeort the feasibility of the production of human
milk products from cultured hMECs, including key nutritional and bioactive components. The

composition described here represents data pooled across products, as a commercial process may
include post-production blending of products obtained from multiple units to achieve a specified

composition.

{0288} The foregoing examples are iHusirative of the present disclosure and are not to be construed
as limiting thereof. Although the disclosure has been described in detail with reference to preferred
embodiments, variations and modifications exist within the scope and spirit of the disclosure as

described and defined in the following claims.
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