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Respuesta inmunitaria

Innate immunity Adaptive immunity

B lymphocytes Plasma cells Antibodies

Phagocytes Dendritic cells

A @

Complement NK cells
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Respuesta inmunitaria
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La glandula mamaria no es mucosa...

Mucosal surface

.............
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Vet Res. 2017. PMID: 28412972.



Relacion local/sistémica

—————
. .40 ce Qanccenc de Moo

Ig9m

Factores Locales de la Glandula Mamaria

Microbiota

*Barreras Fisicas
*Pezdn y Canal del Pezon.
*Células Epiteliales Mamarias (MECSs)

*Células Inmunitarias Residentes y Reclutadas Localmente
*Células Epiteliales Mamarias (MECSs)
*Macrofagos y Células Dendriticas:
*Neutrofilos
*Células NK.
sLinfocitos (T y B)

*Moléculas Solubles Locales
sLactoferrina
«Complemento.
*Péptidos Antimicrobianos (AMPs
Citoquinas y Oxilipinas
«Anticuerpos Naturales (IgM, 1gG2

Factores Sistémicos (Influencia del Organismo
Completo)

*Reclutamiento Celular
L eucocitos Circulantes

*Mediadores Sistémicos
*LPS (Lipopolisacarido)
«Acidos Grasos de Cadena Corta (AGCC)
*Proteinas de Fase Aguda (APPSs).

*Eje Rumen/Intestino-Glandula Mamaria
Disbiosis de la Microbiota
*Translocacion Bacteriana
*Compromiso de la Barrera Intestinal

*Estado Fisiolégico General
*Balance Energético Negativo (BEN)
*Periodo Periparto:
*Nutriciéon (Micronutrientes):
*Estrés y Genética:

slnmunomodulacién/Vacunacion Sistémica
*\/acunas
*Probioticos
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F¢ .tores Locales de la Glandula Mamar..

licrobiota

*Barreras Fisicas
*Pezdn y Canal del Pezon.
*Células Epiteliales Mamarias (MECSs)

*Células Inmunitarias Residentes y Reclutadas Localmente
*Células Epiteliales Mamarias (MECSs)
*Macrofagos y Células Dendriticas:
*Neutrofilos
*Células NK.
sLinfocitos (T y B)

*Moléculas Solubles Locales
sLactoferrina
«Complemento.
*Péptidos Antimicrobianos (AMPs
Citoquinas y Oxilipinas
«Anticuerpos Naturales (IgM, 1gG2
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Factores Sistémicos (Influencia del Organismo
Completo)

*Reclutamiento Celular
L eucocitos Circulantes

*Mediadores Sistémicos
*LPS (Lipopolisacarido)
«Acidos Grasos de Cadena Corta (AGCC)
*Proteinas de Fase Aguda (APPSs).

*Eje Rumen/Intestino-Glandula Mamaria
Disbiosis de la Microbiota
*Translocacion Bacteriana
*Compromiso de la Barrera Intestinal

*Estado Fisiolégico General
*Balance Energético Negativo (BEN)
*Periodo Periparto:
*Nutriciéon (Micronutrientes):
*Estrés y Genética:

slnmunomodulacién/Vacunacion Sistémica
*\/acunas
*Probioticos
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Microbiota

Colostrum Microbiota Milk Microbiota

Firmicut Bacteroidetes Firmicutes Bactervidetes
s aotmoc::cus s (B)MICROBIOTA OF DIFFERENT Senbyticesi Pl
LachnaspiTaceae Bacteroidakes NICHES OF THE UDDER Streptococsas Basteroidaies

Lachospiraceae Flavobacteriaceae
Ruminococcaczae Sphingobacterium

Ruminococcaceae Havobacteriaceae
Enterococcus Sphingobacterium
Clostridiales

Actinobacteria

Enterococous
Clostridiales Actinobacteria
Proteobacteria Corynebacterium ABTOCODCUS Corynebacterium
Acinetobacter Mycobacterium Bifidebacterium
Pseudomonas Proteobacteria Propionibacterinm
Stenotrophoroaas {P‘sm R ter
Alealigenaceas eydomonas
] Stenotrophonionas
Teat Canal Microbiota:
Firmicutes Bacteroidetes
Staphylococcus Havobacteriaceae
(A) POTENTIAL SOURCES OF mummm ?teroidzles
MiNOCOCTA0EE hingobacterium
MAMMARY MICROBIOTA Phnateccacss
Clostridiaes Actinobacteria
ABIOCOCCUS Coryrebacterium
Arthrobacter
Preteobacteria
Acinelobacter
Pseudomonas
Teat Apex Microbiota: DU
Firmicutes Bacteroidetes
Staphylococcus Bacteroidaceae
Lachmospiraceas Prevotellaceae
Ruminococous Sphingobacterium
Aerococcus
Facklamia Actinobacteria
Laclot;a_cdlaaeae Omynelgac!atm
Clostridiales Propionibacterivm - Firmicutes
B Actinobacteria
BEDDING 'f&;l'f“w' Bacterotetes
MATERIAL SUCKLING "E“"M""amdme W Protesbacteria
Enterobacter B Others
MILKING § FLIES
EQUIPMENT L >
MILKER'S J Dairy Sci. 2018 101:10605-10625.

HAND



Microbiota

(a) nutrient competition (h) production of inhibitory substances
starvation , Citrobacter hysisgrastcahibitan , Clostridium
carbohydrate = Y W rodentium baclcnocm( Y #F F difficile

consumption et et

1 A
’.“~ Slinns o A

Xy \ <

(c) production of secondary bile acids (d) production of short-chain fatty acids
virulence growth or virulence Salmonella
inhibition , Clostridium inhibition EHEC

sccondary © 1 0 W difficile sckas < 1
bile acids - (butyrate/acetate) s

Rolhion y Chassaing, Philos Trans R Soc Lond B Biol Sci . 2016
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Alteracion de la microbiota

Stable Eubiotic Udder Microbiota
Healthy status with high diversity and resilient
to colonization by exogenous microbes

e 0 e
\4\‘%0 .&%%*3 S Acute Perturbations
B R A Invasive mastitis pathogens Extent of recovery relies largely on the virulence factors of mastitis pathogens and/or the spectra
va and/or administration of "—)’ of the activity of antimicrobials

antimicrobials

Recurrent perturbations
Overgrowth of persistent or new pathogens

Unstable Dysbiotic Microbiota Degraded Secondary Status
Unhealthy status with reduced diversityand = Lower species-richness, reduced diversity and decreased resilience

dominance of opportunists and/or pathogens

A o A B Increased susceptibility to
‘-é' Jio 2 3' "-\% \j‘-\, fd oe *“‘ z§ ,:'5 recurrent mastitis caused by
N\ L\ ,‘ & o g% 6 - éc e .’ m ﬁ
ey, w2 e J overgrowth of chronic IMI or
B &
O s = invasion of new exogenous
pathogens

J Dairy Sci. 2018 101:10605-10625.



8 T o Gocere e Moee.

Células epiteliales. Centinelas.
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Front. Immunol. 13:1031785.2022




Queratina, Péptidos antimicrobianos, Lactoferrina, transferrina....

Alveolus

® S100 proteins “/. Glycine-rich peptides @ cpithelial cell
Serpins . Commensa | bacteria / Teat canal lining
v Fatty acids / Pathogenic bacteria —< Antibodies

Vet Clin North Am Food Anim Pract. 2018: 34:507-523.
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Animal Science Journal (2017) 88, 937-943
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Front. Nutr. 9:1018336.
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Células de las respuesta inmunitaria

Innate Adaptive

. T

—~— B lymphocytes

MG [
\ & Y IgG1, IgA, 1gM, 1gG2
. Macrophages * aL
_ Dendriticcells _(Iasmacell | Memory B cells
T lymphocytes /“
™M /A
\

Cytokines produced by adaptive immune
cells In the MG: IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12, IL-17, GM-CSF, IFN-y

y& T cells

NK cells

afT cells

els
Cytokines produced by W / \

innate immune cells In

the MG: IL-1, IL-6, IL-8, CD4+ - T helper: Th1,CD8+: T killer,

IL-10, IL-12, IL-15, IL-18, Th2 andThl7  Tsuppressor

GM-CSF, IFN-y, TNF-q,

TGF-B, RANTES Front. Immunol., 12. 29 June 2021 .
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Células s respuesta inmunitaria

Innate Adaptive

B lymphocytes

AN X \ L
-f.asm.mr

T lymphocytes
\ A
Cytokines produced by adaptive immune

cells Inthe MG: IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12, IL-17, GM-CSF, IFN-y

.\ ) / ‘ .
NKcells oS of
no afT cells
L Cytokines produced by WP / \

innate immune cells In

the MG: IL-1, IL-6, IL-8,

IL-10, 1L-12, IL-15, IL-
M-CSF, IFN-

IgG1, IgA, I1gM, IgG2

MG

CD4+ - T helper: Th1,CD8#: T killer, Front. Immunol., 29 June 2021 .
Th2 andThl7  Tsuppressor
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Macrofagos y neutrofilos. Centinelas

Blood Vessel

Changes in Vascular

Permeability & Activation Migrate towards

infection
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Inflammatory mediators: Cytokines & Oxylipidsq

PRR-PAMP. Interaction J Vet Clin North Am Food Anim Pract. 2018; 34:507-523.
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Receptor
de CXCL8

Inmunologia. 49 edicion
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Respuesta inmunitaria Adquirida

P
Innate Adaptive

Eplthelialcells ;
g o
e

Macrophages

B lymphocytes

MG
IgG1, IgA, gM, 1gG2

Y
N

| A

tlasma cell Memory B cells

Neutrophils

Dendriticcells

lymphocytes

\ A

Cytokines produced by adap

e immune

| . cells In the MG: IL-2, IL-4, 11, IL-8, IL-10,
\ IL-12, IL-17, GM-CSF, IFN-
NKcells XS £
afT cells

L Cytokines produced by w L

innate immune cells In \

the MG: IL-1, IL-6, IL-8, CD4+ - T helpe X :

IL-10, 1L-12, IL-15, IL-18, Th2 and Th17

GM-CSF, IFN-y, TNF-qa,

Front. Immunol., 29 June 2021 .

TGF-B, RANTES
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Células dendriticas

Fibroblast

Mastocyte

Lumen
(cisterns and ducts)

Capillary
vessel

Bi-layered

. y J Dairy Sci . 2018;101:6703-6714
epithelium

Interstitial tissue
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Células dendriticas

e |

AL b

N

macrofago célula
dendritica
tisular

Imunologia de Janeway. , 2019.



Células dendriticas

Acta Derm Venereol. 2014) 94(2):173-8.
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dead intracellular bacteria

Microbes that persist

T-cell activation

targeted

Janeway’s Immunobiology 9th Ed.



Cooperacion innata-adquirida. Reclutamiento neutréfilos igm

Innate

Innate
+

adaptive

Epithelial interface

Mammary tissue

| Mammary lumen

Milk cells 108/ ml

B Mean SCC
-=LPS
16 -=-0OVAO05
};; —a ——LPS+OVA
-»=QVA 1.0

0 16 40 64 88 160 7%
Hours post-infusion

PLoS ONE 2016 11(4): e0154172.



Anticuerpos-opsonizacion Iom

IgG

F =1 I 1F

e Binding of Fc receptor O
ngs ?nr;(':zrigzn opsonized microbes signals Phagocytosis if\lglglg]sq[eocj
by I9G to phagocyte activate of microbe = e

Fc receptors (FcyRl) phagocyte

%\ antibody

Phagocyte

Abbas et al: cellular and Molecular Inmunology 6e



Desafios de las inmunoglobulinas en lactacion
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Epithelium
Selective Ig O
isotype I9Gy " S
transfer

Vanishing
neutralizing
o AD titers

Few » /) \\

plasmocytes  SIgA

Adhesion

J. Dairy Sci. 104:10427-10448

Lumen

Antibody
dilution

psonic antibodies
not limiting
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Factores Locales de la Glandula Mamaria

Microbiota

*Barreras Fisicas
*Pezdn y Canal del Pezon.
*Células Epiteliales Mamarias (MECSs)

*Células Inmunitarias Residentes y Reclutadas Localmentt
*Células Epiteliales Mamarias (MECSs)
*Macrofagos y Células Dendriticas:
*Neutrofilos
*Células NK.
sLinfocitos (T y B)

*Moléculas Solubles Locales
sLactoferrina
«Complemento.
*Péptidos Antimicrobianos (AMPs
Citoquinas y Oxilipinas
«Anticuerpos Naturales (IgM, 1gG2

~actores Sistemicos (Influencia del Orgau..

Completo)

*Reclutamiento Celular
L eucocitos Circulantes

*Mediadores Sistémicos
*LPS (Lipopolisacarido)
«Acidos Grasos de Cadena Corta (AGCC)
*Proteinas de Fase Aguda (APPSs).

*Eje Rumen/Intestino-Glandula Mamaria
Disbiosis de la Microbiota
*Translocacion Bacteriana
*Compromiso de la Barrera Intestinal

*Estado Fisiolégico General
*Balance Energético Negativo (BEN)
*Periodo Periparto:
*Nutriciéon (Micronutrientes):
*Estrés y Genética:

slnmunomodulacién/Vacunacion Sistémica
*\/acunas
LiAticos
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Tight junction ¢

feolle

wec | B/ @0

levarrry Pane vy
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Gram-negtive

-
N

Rumen
HCD: High-concentrate diet

REC: Rumen epithelial cells PMN: Polymarghpeigl®aicrobiol Infect Dis. 2019;38:1409-1423
MEC: Mammary gland epithelial cells SCC: Somatic cell count
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Periparto

~3 semanas preparto a 3—4 semanas postparto)
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Cambios en la madre

1) Drop in Dry Matter
Diseases

2) Increase in Nutrient

‘.: _
0 lcaIC allg_ges N
| l

Demands

‘1 ~ R . F YO
7 3) Immunosu ression L lnfectlous
, 3 e V| Diseases

- ——

d __-tu!.’-;'

Cambios metabdlicos
Cambios hormonales
Cambios inmunoldégicos



Cambios hormonales: Glucocorticoides

~N
o«

N
Y
1

Plasma cortisol, ng/mL
N
o

Plasma Cortisol by Ca Status After Calving

Clinical Milk Fever

Subclinical Hypocalcemia (<8.0 mg/dL 1Ca)

16 -
12 ~
8 - i
!
]
]
]
4 - '
1
]
]
'
0 +
3 2 -1 (] 1 2
Day relative to calving *P < 0.05 vs. normal cows

Horst and Joraensen. J. Dairv Sci .65:2332. 1982

Pltmtary Gland

Adrenal Gland




Fallo de |la respuesta inmunitaria
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IL-2 + IFN-y (T,;1 CD4+ cells):

Stimulate neutrophil migration
Stimulate B cells to produce IgG,
IgG,-opsonization of pathogens
Neutrophil phagocytosis and kill
Clearance of pathogen

Y. Vaccination-J '

Ty1-dominated

Inflammatory Response

Udder health

Immune
Response

T,2-dominated

Antibody Response

Clinical mastitis

IL-2 + |L-4 + IL-10 (T,,2 CD4+ cells):
Inhibited T,;1 responses
B cell production of IgM & IgG,
Deficient neutrophil recruitment
Deficient phagocytosis & kill
Unchecked proliferation of pathogen

Vet Clin North Am Food Anim Pract. 2018 ;34):507-523.
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Cambios hormonales: Glucocorticoides: Antiinflamatorios

Apoptosi
I Apor::losis I Nurr?bgr g !
BA Annessin A1 Low dose GCs activ
| TotalIg (1 I6E | 1g6) “High dose GCs & Iacﬁvnnt;

1 Apoptotic bodies phagocytosis

| Proliferation

1 IFNy, TNFa,
IL-6, IL-12

t Treg-induction

| Cytokines
| TCR-signal
T 1 Apoptosis

Net effect:
| Number —p Stimulation
| Mediators ~—{ Inhinition

Autoimmunity Reviews 2011.
doi.org/10.1016/j.autrev.2010.11.009



GC reduction of neutrophil activation
. NADPH

@ ROS

@ cox

iINOS
w GILZ

GC-induced detachment of neutrophils

W Anxal
shedding \ 4
A L-selectin

o E-, P-

selectin

# GlycAM
CD34

endothelium

PP E» &y ey

GC pro-survival effects on neutrophils 25 1AP

apoptosis

GC pro-inflammatory actions on neutrophils M IL lﬂR

@0 BLT1
@ slL-1Ra

Efectos de los glucocorticoides (GCs) sobre los

neutrofilos
1. Reduccion de la activacion ‘

* GILZ - inhibe produccién de ROS (NADPH-dependiente)
*J COX e iINOS - menor actividad proinflamatoria

2. Desprendimiento del endotelio
* Anexina Al (Anxal) (via GILZ)
*—> Favorece pérdida de L-selectina y despegue del endotelio

3. Mayor supervivencia neutrofilica
*J Receptor Fas (pro-apoptotico)

*I 1APs (proteinas pro-supervivencia)
* Mcl-1 (anti-apoptética)

* Isoforma GR-B

4. Efectos proinflamatorios K

*I Receptor IL-1 (IL-1BR)
*J, Antagonista soluble sIL-1BRa

/] Receptor BLT1 (para leucotrienos)
Ronchetti et al. (2018) Int. J. Mol. Sci., 19:4090.
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Cambios hormonales: Progesterona

Highest plasma
a-LA concentration shortly

Prolactin peak =
after parturition

= 24 h antepartum

Progesterone \

Prolactin

Progesterone drop
= 48 h antepartum

PARTURITION

Relative changes of plasma concentrations of
progesterone, prolactin, and a-LA

=22

Time relative to parturition

Immunoglobulin transfer into colostrum
Closure of the

blood-milk barrier Gross, J. J. & Bruckmaier, R. M. (2019). J. Dairy Sci. 102, 2828-2843.
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Progesterona: favorece la tolerancia

1 { [ )Tcelacvaion | Progesterona (P4) y respuesta inmunitaria

[ Progesterone

\ periparto en vacas
|¢ ) @ o
] ii) Induce Tolerance CcD8 U CD4 Tc,,, , .En Ia perlferla:
e CD” / S * Modula activacion y diferenciacion de
Mmy,e i B4 SO linfocitos T
T2 * Promueve tolerancia mediante APCs y
Noulropml Effector CD8 IlLLl4 0 Tregs
s sl * Reduce citotoxicidad celular
- T cell .
— R *En la interfase materno-fetal:
Treg . . . .7
£ * Favorece crecimiento e invasion

Effector

(" iv) Cytotoxicity | T el placentaria
* Induce fenotipos tolerantes en
CO8T cel - [ v) Induce Tolerance at Maternal Fetal Interface macro'fagos, NK V4 Tregs
(o T A\ “Criotrophobiast * Provoca agotamiento de CD4/CD8
NK Ma::'r;;':::;ge (T; CDB Teu \ e N d C_tiva dO,S ) .
\ cou * Migracion de células tolerantes guiada por
. ‘ Srepiooat 4 quimioatrayentes placentarios
INKT

Shah, N. M. et al. (2019). Front. Endocrinol. 10, 198.



Progesterona. Diferencias vacas, ovejas y cabras f
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Diferencias en la Fuente de Progesterona

gue se retira antes del parto varia:

La progesterona es un potente inmunomodulador local. La forma en

*Ovejas: A partir del dia 50, la placenta toma el control de Ia
produccion de progesterona. Esto crea un entorno inmunoldégico
uterino muy especifico y diferente al de |la vaca, donde el Cuerpo
Luteo (CL) sigue siendo vital durante mucho mas tiempo.

*Cabras y Vacas: Ambas dependen del CL durante casi toda la
gestacion, pero las cabras son "especies CL-dependientes" estrictas.
Cualquier estrés que afecte al CL en la cabra termina la gestacion e
impacta la inmunidad de forma mas subita que en la oveja.

Progesterona (P4) y respuesta inmunitaria
periparto en vacas

*En la periferia:
* Modula activacién y diferenciacion de
linfocitos T
* Promueve tolerancia mediante APCsy
Tregs
* Reduce citotoxicidad celular
*En la interfase materno-fetal:
* Favorece crecimiento e invasion
placentaria
* Induce fenotipos tolerantes en
macrofagos, NKy Tregs
* Provoca agotamiento de CD4/CD8
activados
* Migracion de células tolerantes guiada por
guimioatrayentes placentarios

Shah, N. M. et al. (2019). Front. Endocrinol. 10, 198.
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Cambios hormonales: Estrogenos

Peripartum
Pregnancy metabolic/immune stress

Early pregnancy
conceptus signaling

o L
NER

PBMCs &
platelets

Progesteron
IFN-T, lactogen, E2, MHCI, GATA,
prolactin-related protein, Cox-2and IL-6

B oo ey il Calving
) NTh2 responses \ DA+ @
y ' Th1 responses L CD8+ T
Jy8T cells "\<S Ze
N Treg responses LIy (3 8
Immune organs [ \\ (Jé %
/
P4 and tissues ] ’
~ 7

P4 Vlasova, A. N. & Saif, L. J. (2021). Front. Immunol. 12, 643206..
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Estrogenos: accion variable

*Shift inmunolégico:
* P Respuesta Th2 - mds anticuerpos

T Dendritic cell
differentiation, 1 1B cell count, survival,
1 1 Pattern recruitmentand antigen antibody production, * /I Citoquinas antiinflamatorias > menos
recognition pathways presentation autoimmune potential . .
o 7 Y £ % autoinmunidad
T Phagocytlc aCtIV'ty 'ﬂ-b"' LJ//{))/J 7 h_cfgj\ *){:‘/‘ ‘;’-. = TT Ce” pr0|lfel’atlon .Linfocitos T-
4 Neutrophil apoptosi§ S e “4 Y (&), , andactivation N h ( ble)
K~ ] (2 . Th17 (variable
<t D Tvpical % @ i o countandeciy e J Células T de memoriay Tregs
I Natural killer I ypica % -9 Thal d Y 8
cytotoxicity (=) o ) i B €ipers. * R racion rapi r r X
® = Estrogenic ¢ o LTh1 ot high estrogen ecuperacion rap a tras parto, excepto
tMastcell “igl = Effects - = . T Th1 at low estrogen memoria T
ell gy E = 1 1Th2 . ,
degranulation - @ o D 1 Th17 count and activity *Células NK:
and histamine "~ e = A== e (Clav ra desarrollo placentari
p S S S~ 110D410CD8 ratio dVve para desarrofio placentario -
TEosinophil ) & > N Iggg* * @ NKcitotdxicas en circulacidon = facilita
activity Ao N Y ¥ : .,
y ‘ W implantacién
Cytokines: pro- 40" ¢ il sy < -f’j: T Immunoglobulins
inflammatory shift *:* gL ) b ¥ T Vaccine response «Efecto seneral:
T Acute phase TMonocyte = . _ 8 , e
reactants ~ fecruitmentand T Autoimmunity * Inmunidad mas débil - mayor
differentiation into
susceptibilidad

dendritic cells

Yalcinkaya et al. (2025) Frontiers in Immunology, 16:1501364.
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Estrogenos: favorecen respuesta innata Iom

Estradiol Regulates the Expression and Secretion of Antimicrobial
Peptide S100A7 via the ERK1/2-Signaling Pathway in Goat Mammary
Epithelial Cells

by Yutong Yan 1.2, Yuwei Niu 1.2, Yingwan Ma 1.2, Xiaoe Zhao 1.2, Menghao Pan 1.2, Baohua Ma 1.2.” &4 and
Qiang Wei 1.2 &4

1 Key Laboratory of Animal Biotechnology of the Ministry of Agriculture, Northwest A&F University, Xianyang
712100, China
2 College of Veterinary Medicine, Northwest A&F University, Xianyang 712100, China

* Authors to whom correspondence should be addressed.

Amimals 2022, 12(22), 3077, https://doi.org/10.3390/ani12223077

® S100 proteins “/. Glycine-rich peptides @ FEpithelial cell

Serpins . Commensal bacteria f Teat canal lining
~w Fatty acids / Pathogenic bacteria —< Antibodies
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Cambios hormonales: Prolactina

Highest plasma
a-LA concentration shortly

Prolactin peak =
after parturition

= 24 h antepartum

Progesterone \

Prolactin

Progesterone drop
= 48 h antepartum

PARTURITION

Relative changes of plasma concentrations of
progesterone, prolactin, and a-LA

Gross, J. J. & Bruckmaier, R. M. (2019). J. Dairy Sci. 102, 2828-2843.

=22

Time relative to parturition

Immunoglobulin transfer into colostrum
Closure of the

blood—milk barrier



Prolactina: accion variable. Potenciadora.
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Inflammatory environment

INF-y PRL h NO LPS PRL 1IL-1B,
A L?url'zllmg of s Yy IL-8
? tumor cells | Inflammatory IL-8,
Y function TNF-a
Anti-inflammatory 1IL-10,
‘. function 1 IL-1B,
PRL ses [INO 4 IL-12,
L4 ©  li Killing of Micobacterium PRL TNF-a
tumor cells | bovis proteins
Prolactin concentration @ Exposure time
Physiological concentrations of PRL PRL Short periods
PRL Inflammatory IL-1a, ;
? cytokines and TNF-a 4

cytokines

\ Anti-inflammatory

TGF-q,
IL-1q,

Hyperprolactnemia PRL TNF-a

Ramos-Martinez et al. (2021) Reviews in the Neurosciences, 32:323-340..

Long periods

*Efectos proinflamatorios:

*Estimula secreciéon de citocinas: IFN-y, IL-12, IL-10

*Macréfagos: 1 quimiocinas (MIP-1a, MCP-1, IP-10, CCL5), 1 ROS, 1
citotoxicidad

*Granulocitos: 1 iINOS, IRF1

*NK: 1 proliferacion y IFN-y

sLinfocitos T: 1 supervivencia, 1 TNFa, IFN-y, IL-2

*Disminuye funcion supresora de Tregs

B cells: | apoptosis, 1 secrecion de anticuerpos y proliferacion

*Efectos antiinflamatorios:

| respuesta a LPS: | TLR4, | NF-kB — | TNF-a, IL-1p3, IL-6

*Explantes de membranas fetales: | IL-18 y MMP9, | TNF-a parcialmente
*Accion depende del tipo celular y del microambiente

*Resumen general:

*PRL tiene funcidn dual: proinflamatoria e
inmunoestimuladora en condiciones normales

*Puede mediar efectos antiinflamatorios segun contexto




La puntilla: Metabolismo energético

. T o e 3 Mo

Calving

Energy intake

Challenge period >

-

Transition phase

Early lactation

Shaumann (2015)

Energy requirement

Mid lactation

Late lactation

Lactation process

En ovejas y cabras puede ocurrir antes,
dependiendo de n? de fetos. Toxemia
de gestacion!!!
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Produccion de BetaHidroxiButirato

Adipose tissue

Cetosis y acidos grados no esterificados

/ Triglyceri das ACTH, catecholamines
muscle /

liver Lipolysis (hormone
sensitive lipase)
: ; v . .
ATP (energy) NEFA + glycerol insulin
& kc[oneg L R
Hepatocyte
Esterification
v
NEFA rrovvreefroceds N EPee NEFA +---- Esterified +glycerol  _ : export
fatty aci ds—)Trlegcerldes ——>»VLDL
storage
B-oxidation
v
acetyl CoA
Fatty Liver blood / \
Kreb's cycle Ketones

/ Mitochondria
manumary - export
oxidation in peripheral tissues



influencia BHB-RI en mucosas. Supresor 9m

S i @ O W Micoves
\ * &  Pathogens

Epithelial Cells

Vascular Endothelial Cell

@ Antibody  Mucin
. :Lysozymes

Outer Mucus

QSGobletcell @ riasmacyte

Inner Mucus

~ = Gap Junction
Tight Junction
. Adherence Junction

Mucosal Epithelium

Stromal

@ Monocyte *Macrophage

Circulating Blood @ Lymphoid Stem Cell

) NKCell ) TCell
" BCell ) Granulocyte

& Dendiitic Cell

Q) Red Blood Cell

Bone Marrow -~ Bone Marrow Qi et al. (2022). Front. Immunol., Sec. Mucosal Immunity,
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Relacion BHB-RI innata. Inhibicion mastocitos

Alternaria ng ‘57
alternata 2 /
‘ 4 Q

~—_Elevated BHB level )~

]
9 o o
o % GPR109A {IL-2 o cD25}

P g}/
o A ° O
' R
o * Proliferation 4

1L e g HL-9 .
IL-9R 503 ,,:,’,; OO

BHB

% o0 i
%o

L13 o ° @ ©®

L5 o o °°° 0

= i

} Airway hyperreactivity, hypertrophy

Airway hyperreactivity, hypertrophy ) -
s gosiet Sell Ffpineia AN | $ Eosinophilia and goblet cell hyperplasia ) Thio, C. L-P. etal. (2022). Cell Rep. 40, 111437.

Eosinophilia

u




Consumo energeético de la respuesta inmunitaria adquirida

. E&M&M

®

A

Amount of antibody

®

o ,
Lag after
immunization

- ~

_ Primary ‘Secondary
antibody response antibody response
_ First Repeat
infection infection ; X 19G
& e
! Plasma cells
i in peripheral
1 lymphoid tissues
E - Low-level
i Satzund antibody
E groduction Plasma cells
i in bone marrow
5 Plasma cells '
i in bone marrow | “BﬁeCZ;?W
|_Naive B cell 2 ! "
1 1 7 T 1 1 1 1
5 10 >30 0 5 10 >30

Days after first antigen exposure === Days after second antigen exposure ==

[ Primary response

| Secondary response )

Peak
| response

Antibody
isotype

Antibody
affinity

more variable

"N\

Usually 5-10 days Usually 1-3 days

Smaller Larger

Usually IgM>IgG Relative increase in IgG and, under
certain situations, in IgA or IgE
(heavy-chain isotype switching)
Lower average affinity, Higher average affinity

(affinity maturation)

Abba’ s Inmunolgia celular y molecular. 9° ed.

— @
o] o
/ ./‘“. Igh
; e ~ e
Naive e Igh
B cell \ _® /. @
/ SNa o .—.:
*w [ / ‘,‘;
oL ol
Antigen / ®__ _te }l &
N i
@ -
/’\m
Memory
B cells \ / J
o C—" i
Antigen \./ . ®
g ~ 00— 9
.*. > o
Memory
B cells



Consumo energético de la respuesta inmunitaria adquirida Iom
5
Effector
memory
)
AN 2 G o (G | Glycolysis |
_5 Effectors BE .
E O 4l | T \
g ® S
o _
= Memory
<
OXPHOS
Days Weeks Months Years -
1stantigen encounter 2" antigen encounter

Rangel et al. (2021). Front. Immunol. 12, 645242.



“Repeat after me: immunology is hard and we don’t understand it.” pra. jen Totonchy, inmunéloga. Chapman Uni.




Sindrome inflamatorio esteril

—————
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Ig9m

Heat stress

Social - '
BHESS ( {,'(""10/., i Uterine involution
~ ln’"(’s Metritis
ROS Cytokines
Oxidative Eicosanoids
SIress LPS
Leaky gut Mastitis

Bradford et al. (2015) Journal of Dairy Science, 98:6631-6650.

Factores que contribuyen a la inflamacion
sistémica en vacas

*Estrés social y térmico:
* Estrés social = activacion de catecolaminas
autdnomas - patrones inflamatorios
* Estrés por calor = liberacién de proteinas de choque
térmico (HSP) en sangre
*Daiio tisular y postparto:
e Partoyinvolucidn uterina = activacién de leucocitos
* Infecciones (metritis, mastitis) = liberacion de
citoquinas y eicosanoides
*Condiciones dietéticas y ambientales:
* Disminucion de la funcidn de barrera intestinal -
translocacion de LPS al torrente sanguineo
*Estrés oxidativo:
e Exceso de lipidos circulantes y baja capacidad
antioxidante
* Radicales libres - especies reactivas de oxigeno
(ROS) = inflamacion



Estado proinflamatorio. Influencia sobre metabolismo

A
Cytokine [| Resolving
storm signals
Threshold for
signal amplification
Single acute
msult :
Homeostasis recovered
B
['hreshold for
\'ignul dl“l]p[”i«.‘&l[h)l] An[i-inﬂammatory adapa[ion
Chronic subacute
signal - o
Homeostasis maintained
C

A

Threshold for

Homeostasis
altered

signal amplification

\ Repeated \

mild insults

|
h N

*Eventos agudos unicos:
* Se resuelven rapidamente
* Poca evidencia de alteraciéon del metabolismo
sistémico

*Desafio cronicos Puede inducir respuesta
antiinflamatoria
* Previene “tormenta de citoquinas”
* Mantiene homeostasis

*Desafio inflamatorios repetidos (incluso a dosis bajas):
* Alteran la homeostasis metabdlica

Bradford et al. (2015) Journal of Dairy Science, 98:6631-6650.
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Estado proinflamatorio postparto. Respuesta a desafios inflamatorios Iom

Cytokine [| Resolving .. .
storm signals [T *Eventos agudos unicos:
e e suelven rapidamente
““"llvn,-,,.,,' Il’).n"‘r‘.:lillhu" L4 .
- dg glteracion del metabolismo

Threshold for L

X v . RN " e

signal amplification ¥y ?\?‘_‘ o

S .‘:‘- y}') "-. k!‘_;‘ ‘
2 w O ' Nllrp"'
Single acute iy .-,_-,,.,,.,'_"""mn.
J/'Al“‘,.‘d””“-"'l"hvyr’“
Vatrag

'”””"“'wh,,/“ 1 of

msult :
Homeostasis rec "'"rdn.., =
i&ﬁh.

Unstapy,

( thealy, g ? tic
I'hreshold for oy, Aty gy = icrobioy,
- - - Ppe hiznisy oA diyg, ity g
signal amplification Anti-inflammatory ac VA gy O - -
3 Ogeng OWer o
2 = '- J\ :'.‘-,N.J\ PeCi Tichry fl'
Chronic subacute B8, e ¥ gy
. 2 0

signal

Homeostasis maintained

,I':\fc.l:,‘\d .
“Uus

» Curreny 2
na

“CPlibility 4,

6 cageq

Ve rom Tonj, "
B th ¢
h of h Me IMy

of 1

. ney

Athoges, Y X Op o,
114 s

Homeostasis . . . . . .
altered *Desafio inflamatorios repetidos (incluso a dosis Dayas):
* Alteran la homeostasis metabdlica

Threshold for /\

signal amplification \/ \/
Repeated \ \

mild insults

&

Bradford et al. (2015) Journal of Dairy Science, 98:6631-6650.

Net infl



“Repeat after me: immunology is hard and we don’t understand it.” pra. jen Totonchy, inmunéloga. Chapman Uni.
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Implicacion practica. Liberacion de huevos en periparto Iom

- Ewe faecal egg output

- == |Lamb faecal egg output

F B Larvae on pasture

April June August October

https://www?2.zoetis.co.uk/
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Relacion con mamitis

'. \W Interrelacion entre estrés metabdlico, inmunidad,
el inflamacidn y susceptibilidad a mastitis

( *En el periparto coexisten procesos proinflamatorios y

Susceptibility to Mastitis .e . . , .. ..
antiinflamatorios debido a estimulos fisiologicos y

5 metabolicos distintos.

rtm-ient Dairy Cattle \

4 Lipolysis [ Metabolic Stress/]

Oxidative Stress

*La inflamacidn estéril refleja estrés y dafo tisular, pero no
equivale a una respuesta inmunitaria eficaz contra
patogenos.

*Esta combinacion genera mayor susceptibilidad a
infecciones bacterianas: hay inflamacion sistémica, pero
menor capacidad de defensa especifica.

Khan et al. (2024) Front. Immunol., 14:1290044..



Ejemplo concreto

Stage IMIRis Milk Cells
[ parturition \ pLighest low PMN
(SCC > 1 x 107/ml) v ¥ PMN low T cells
. Recruitment high MO
early lactation high [/ (~26-40% of SCC) n
(SCC ~ 1.5 x 105/ml)
mid lactation \low * PMN . {}
(SCC ~ 3.5 x 105/ml) recruitment increasing PMN

(~65% of SCC) increasing T cells
decreasing MJ

late lactation e A PMN
est .
(SCC ~ 1 x 108/ml) (::g%uﬁ;nsegé)
early non-lactation
(SCC ~ 2 x 10¢/ml) y—

involution decreasing T cells

increasing M@

— |later non-lactation
(SCC ~ 3 x 10%/ml)

Vet Clin North Am Food Anim Pract. 2018 ;34):507-523.
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Cambios en los neutrofilos

Fat mobilization

- BHB NEFA Oxizative

<
I

¢ ©-0-

IPhagocytosis Extracellular Extracellular
degranulation trap (NET)

Qhagosome for

intracellular degradation

LeBlanc (2020) Animal, 14(S1):s44—s54.



Cambios en los neutrofilos. Déficit de migracion

A

Control

Control

Ketosis

BHB

Song et al. (2022) J. Dairy Sci., 105(1):761-771.

_—» Fat mobilization

» v v

BHB NEFA Oxidative

LeBlanc (2020) Animal, 14(S1):s44—s54.

stressors stress
\ l 4 |Antioxidant
v supply
\\\’ Neutrophil -
functional
capacity Glucose
‘m;‘ “— lavailablili
y & N
m \ Calcium
modulators availability
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Cambios en los neutrofilos. Perfil proinflamatorio

<
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He et al. (2023) Front. Immunol., 13:1096813.
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Neutrofilia en sangre pero neutropenia en tejidos 1gm

( a) [0 %G1+ Neutrophils (of total blood leukocytes)
¥l Neutrophil CD62L Expression |

580-

s :

3 L M 7

560- [ | 1 T

%«,-T’ T l .

.2 l%l gl /T I% I

S0l 7| w7 ZIRZ

o 20

§ 0 4 éa é Z // é Z Z //
21 -14 -7 0 025 05 1 7 14

Day Relative to Parturition (on day 0)

Vet Clin North Am Food Anim Pract. 2018 ;34):507-523.
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Déficit de migracion de neutrofilos

Migracién normal

/ Flujo sanguineo—»

&

Selectina
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Conclusiones

—————
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La Ubre: Un Ecosistema Inmunolégico Complejo
Defensas Locales Robustas
Respuesta Coordinada

La Mastitis: Un Problema con Raices Sistémicas
Eje Rumen/Intestino-Glandula Mamaria
Influencias Sistémicas Clave
Metabolismo
Neuro-Endocrino

Mayor susceptibilidad a mastitis durante el periparto
Depresion funcional del sistema inmune (neutréfilos y linfocitos no responden
eficazmente).
Estrés metabdlico y oxidativo, que altera mecanismos inmunitarios y favorece disfuncién
celular.
Inflamacion estéril y desequilibrada, que genera seiales proinflamatorias pero no defensas
dirigidas contra patégenos.
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“Repeat after me: immunology is hard and we don’t understand it.” pra. jen Totonchy, inmunéloga. Chapman Uni.

iMuchas gracias!

julio.benavides@csic.es
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