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Attainable way to reverseneutrophils’ escillatory events in peripartum dairy cows
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Location:
Alborz mountain ranges, Southern part of Caspian Sea, Iran
>3800 m above sea level
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Economically, nutritionally and health critical

Anatomically, histologically, physioimmunc



Example of the complexity of dairy cows
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Rinaldi et al., Funct Integr Genomics. 2010




Complex interrelations between udder, uter us,
ovary €etc.

Hypothalamus

Pituitary

Epithelium [

chemokines/cytokines

[] 8—;0 MOs

SRS . - PMNs
vessel S o= cytopathic @
§ : effect

Stroma

Both in udder and uterus unknowns >>> knowns

Sheldon et al., Biolo. Reproduc, 2009



" Incidence and-severity of parturition-and-lactation
related mastitis
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The problem-of mastitisin high yielding cow
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adapted from . .
Burvenich et al., 1994; 2003 Many other new synergic issues increase the prollem

Shuster et al., 1996 : e :
Mehrzad et al., 2001: 2002; 2009: 2010 New | nfection Rates by parturition and lactation




Protection of udder in dairy cows by

— Immunne cells and molecules
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Basic aspects of bovine neutrophils
(PMN)
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Theorigin of bovine neutrophils

Myeloid lineage of
Hematopoietic stem cells
(HSC) or Pluripotential-stem
cells

multi-step process of
granulopoiesis

Terminally differentiated and
cannot proliferate/divide at the

site of infection/inflammation.

Myeloid 2
stem cell n.

, o

Pluripotent g“;,
stem cell o

o
Lymphoid | &
stem cell p‘,

Bone marrow

Red blood cells

Platelets

Monocytes

Neutrophils

Eosinophils

Basophils

B cells

T cells




L ife span of the-bovine neutrophil from bone
marrow to milk

Neutrophils are short lived
Marginal pool
(large in cows)

following 4 - 6 days migration

Bone marrow

0.001 of CP.

mitotic | maturative: reserve

pool ool pool
ﬂ ﬂ Tz = 8- s
eta- _

myelocyte| mainly = Circulating pool
+ band mature

morphologic, biochemical and functional changes

Kehrli et al., 1991
Burvenich et al., 2003



Functional aspects of bovine neutrophils

As a pivotal circulating effector innate immune cells

Phagocytosis and microbicidal activity

Neutropenic cows with mastitis: severe shock and death
but in normal cows!



Bovine neutrophils use variety of receptorsto
detect/sense and eliminate pathogens

Bacterium
Complement
activation @

neutrophil endothelium

/epithelium/connective tissues
Highly expressed PRRs for early interactions

sensing of PAMP

Highly express opsonin receptors, such as
FcyRI or complement receptors that enhance
phagocytosis.

Leukocyte functional antigens and other receptors ....

neutrophil extravasation or diapedesis

Bovine neutrophils’ arsenals



Bovine neutrophils use variety of cytokines,
chemokines, adhesion molecules and enzymes to
remove pathogens ....
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mHJansmigration thr ough blood-
milk barrier in dairy cow
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Factorsin 3 locations affect neutrophils’ arsenalsin blood and udder

Mehrzad et al., 2001; 2004; 2010 Deter mine the outcome of mastitis
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Blood and milk samples from many Holstein dairy cows




Bovine blood and-milk neutrophil isolation procedure

Milk

60% PBS

mastitis and non-mastitis samples

adapted from
Mehrzad et al., J Dairy Res. 2001; J. Dairy Sci. 2004; Vet. Res. 2005



analyses on these neutrophils




Flow cytometric-analysis of neutrohil functions

" FS-SS dot plot
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Dihydrorhodamin 123 | ,gjcals)
DHR 123

adapted from
Mehrzad et al., J Dairy Res. 2001; J. Dairy Sci. 2004; 2008



Flow cytometric analyses of bovine whole blood
neutrophils gated in FSC-SCC dot plot

Neutrophils or target . .
population The gate P3 was applied to determine

the % phagocytosis (fluorescien
isothiocyanate, FITC-labled E. coli)
from the P1.

All other cell types

Or, PI +ve, for PMN necrosis.
Annexin-V +ve for PMN apoptosis:

And conversion of DHR-123 to HR
(green fluorescent) for respiratory
burst activity of PMN.




Chemiluminescence (CL) analysis

Burvenich et al., 2003; Mehrzad et al., 2004; 2005; 2009; 2011; 2012
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Stage of lactation vs blood and milk
neutrophils-oscillation




\Vlabﬂﬂyq bovine neutrophils

MilTk-PM N oscillation
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Mehrzad et al., 2001; 2002



Chemiluminescence
(AUC /1000 viable PMN)

ROS production by bovine neutrophils

10000

8000

6000

2101010

2000

0

Huge PM-N oscillation

W Blood
B vilk

3-20 150 - 220 220 - 300

Days relative to calving

Mehrzad et al., 2001; 2002




Kineticsof ROS production by neutrophils

30 rmnir)

A detailed comparison intracellular vs extracellular ROS (early vs mid lactation)

Huge PM N oscillation
adapted from

Mehrzad et al., J Dairy Res. 2001; Vet. Res. 2005, 2009; J Dairy Sci. 2004; 2011;2012




Age/calving /parity vs blood and milk
neutrophils oscillation




 Blood neutrophils ROS production vs age
during peripartum period
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mrﬂphi IsROS production vs age

Chemiluminescence
(AUC of 1000 viable PMN / 30 min)
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 Blood and milk neutrophils viability vs age
during peripartum period
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Kinetics of ROSproduction by blood neutrophilsvs
age Immediately before calving
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Kinetics of ROSproduction by blood neutrophilsvs
age Immediately after calving
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Kinetics of ROSproduction by milk neutrophilsvs
age Immediately after calving
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Neutrophils oscillatory events mor e pronounced In
old dairy cows

M Biood [ milk

2]
@
o]
=
8)
o)
o)
@
a
o

Multiparous

Multiparous

8000 m Blood 0 Milk ,_\100 R =0.88; blood

§Z, S R = 0.76; milk
§ o *E’ S0 mid and late lactation
3 5
53 2 60
52 S
S 2 2 40

S 3

P ®©

= @ 20 early lactation

Primiparous

65 7 75 8 85 9 95 10

Chemiluminescence (In AUC of 1000 viable PMN)
Mehrzad et al., Luminescence, 2001; J Dairy Res. 2001; Vet Microbiol. 2008



Blood/post- diapedetic-neutrophils
oscillation leads to higherseverity of
mastitis




IIs~oscillation vs. sever and moder ate
response to i.mam

diapedesis rate, postdiapedetic neutrophil ROS production capacity and E. coli CFU dynamicsin
moderate and severe responders of high yielding dairy cows

Mehrzad et al., 2001b, 2004; 2005; 2010




Oscillation in-neutrophils at three locations

eSS
norrney TelsHls

(structure and functions, MPO-H202-Halide system and viability,) in healthy and mastitis dairy co

Mehrzad et al., 2001b, 2004; 2005; 2010 ROS even higher than blood




Why hugeneutrophils oscillatory eventsin
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adapted from Hallén Sandgren et al. , 1991
Hoeben et al., 1999, Burvenich et al.,, 2003
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Hypotheses & reasons behind neutrophil
oscillatory events and mastitis severity in
peripartum dairy cows

During the periparturient period

- low circulating neutrophil number In relation with severity of mastitis

e decreased chemotaxis (CRAKS)

e decreased diapedesis towards ismam. LPS

» decreased oxygen burst (superoxide,...)

e impaired CD11/CD18 expression N _ .

. impaired CD62L expression * [gGlinhibits opsonic activity of IgG2 & IgM
« left shift of neutrophils (immature) ° blastogenesis (lymphocyte) depressed

. decreased phagocytosis * loss in T-helper cell function

- decreased LPS detoxification * lgM production is)impaired _

. decreased C5a production - total Ig level decreased in blood & milk

. etc.... « complement hemolytic activity impaired

 colostrumiincreases growth of .E.coli
* lactoferrin not efficient



Relative |local changesin
milk protein by stage of lactation

adapted from
Schanbacher et al, 1993
Schanbacher & Smith, 1975
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Burvenich et al.,, 2003



Relative local changesin
milk protease by stage of lactation

adapted from
Zavizion et al, 1996
Schanbacher & Smith, 1975
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Burvenich et al.,, 2003



ﬂlﬁtjve systemic changes in blood

Sex steroids by stage of lactation

‘ RRY/\[e

adapted from
Moreira da Silva et al, 1998
Smith et al., 1973

progesteron

estradiol
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MAMMOGENESIS colostrogenesis milk secretion
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Burvenich et al.,, 2003
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Effect of progesteron on
respiratory._burst of blood neutrophils

Moreira da Silva et al, 1998

A : control

0 3 27 243 21.8 19.7 177
ng/mi ng/mi ng/mi ng/ml microg/ml  microg/ml microg/ml

Concentrations of progesteron




Effect of 17-beta estradiol on
respiratory-burst of blood neutrophils

Moreira da Silva et al, 1998

A : control

Q
Q
c
O
Q
)
)
S
@)
S
G
c
©
Q
=

—E T E rE TE TE TE £
45 405 1.21 10.9 98.4
pg/ml pg/mi pg/ml ng/ml ng/mi ng/ml microg/mi

Concentrations of 17 beta-estradiol




Wesvstemic changesin plasma

PAG & cortisol-by stage of lactation

CALVING

adapted from

Zoli et al, 1992
Dosogne et al., 1999
Smith, 1973
Burvenich et al.,, 2003
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In Vitro effect of pregnancy associated
glycoprotein on cloning efficiency
In the bone marrow
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mggmic changesin plasma

glucose, BHB, NEFA by stage of lactation

adapted from Hoeben et al., 2000
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Burvenich et al.,, 2003
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In Vitro effect of glucocorticosteroids on
respiratory burst of blood neutrophils
and cloning efficiency In bone marrow
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Hoeben et al., 1998 and 1999




In Vitro effect of beta-hydroxybutyrate on

Physiol mm\LmoI ogy of neutrophils

” % N
ency, bone marrow
105- Neutrophil ROS production
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001 005 01 1 25
mM
Hoeben et al., 1997 & 1999



Attainable way to rever se neutrophils
oscillatory eventsin peripartum dairy
COWS

Heretwo issues in peripartum dairy are exempified: goo
bad products......



Vitamin C and neutrophil’s phagocytosis
& killing capacity

About 10 days before parturition, Holstein cows devided in 2 groups
they were fed diets that provided 0 (n = 10) or 50 (n = 10) gm/d of
supplemental vitamin C.... blood samples were collected for
neutrophils’ functional assays.




Dietary vitamin improves milk PMN viability in
ear ly-lactating cows
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Dietary vitamin C improves milk SCC

SCC (X 1000)
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Killing & phagecytosis of S. aureus by blood PMN
vsvitamin C

®Phagocytosis mkilling

no

Supplementedvitamin C




Killing & phagocytosisof E. coli by blood PMN vs
vitamin C

W Phagocytosis m killing
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Supplemented vitamin C
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Aflatoxin B1 & neutrophil’s oscillation




PM N phagoecytosis and ROS production vsAFB1
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Killing & phagocytosis of S. aureus and E. coli by
neutrophilsvs AFB1
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Conclusions

Neutrophils oscillation occurs at 3levels. 1) the bone marrow,
2) the circulation and 3) the udder

The oscillatory events on neutrophil isrelated @2 phenomena:
1) calving factor and, 2) lactogenesis factor

Severeclinical mastitisistypical for the transition peried and
early lactation of highly yielding cows and is highly related to
neutrophils oscillation

Removing excessive and unwanted ROS, especially OH* from
the body of high yielding cows during transition period isveny
helpful to reverse neutrophils oscillation, and AFB1, As.... can
be very harmful, but vitamin C, Se, probionts, DFO ...



Thanks for your attention
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