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Roles of the immune system

* Monitors and manages the normal and
pathogenic microflora found in and around the
body :
« Bacteria
« Viruses
« Funagi
« Multicellular parasites

» Detects and clears rogue and
compromised cells, tissue debris
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Innate Immunity
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Measuring cellular energetics
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Differential Metabolism in Leukocytes and Platelets

Neutrophils Monocytes Platelets Lymphocytes
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Innate Immunity Adaptive Immunity
x
Lﬁ b % A
C NN ., @ .
Epithelial barriers @‘ @’)
Naive B cell Antibodies

@6 i Gl ucose + Gl umicamm@

Theiey | Y, - 5

Naive T cell Effector T cells
Plasma proteins NK cells

( Hours ) )

(1] 6 12 1
Time after infection

w
V]

drrajivdesaimd.com

7/6/20



G MICHIGAN STATE UNIVERSITY

Critical roles of AA in immune cells

« Glutamine is required Glutamine
for lymphocyte ‘ 4 ERK
activation (adaptive . N Ay i
immunity) )
+ coﬂgz%%gon

A Proliferation
Activation

GLUTA '/V
Glucose Lymphocyte

Leguina-Ruzzi and Cariqueo, 2017
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RP Glutamine enhanced cell-mediated
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Critical roles of AA in immune cells

4y LPS
'NOSAr inineA : Arginine
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Fatty acid oxidation M2 markers:
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Stunault et al., 2018
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IV Arginine quells LPS inflammation

» 8 Holstein 300 Inflammatory cytokines
cows in late

lactation used 200

in a Latin 100 IIII
sAHare III |
; i |

 Low-grade

LPS challenge IL-1b L6 TNFa
BCON WARG WLPS mLPS+ARG
for 15 d

Zhao et al., 2018
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IV Arginine quells LPS inflammation

8 Holstein Intake and milk

cows in late 20 . #
lactation used
INn a Latin 10 IIII I
square

0
DMI (kg/d) 4% FCM (kg/d)

 Low-grade
ECON mARG mLPS mLPS+ARG

LPS challenge
for15d

Zhao et al., 2018
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Nutrients are signals!

Including:
* Volatile fatty acids

* Long-chain fatty acids
» Sugars

* Amino acids

* Minerals

* Intermediary
metabolites

Priyadarshini et al., 2016
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2X diluted
blood

Ficoll

Jugular Bleeding
Arifuge

* nw i Mononuclear cells (MN)
ashing (lymphocytes + monocytes)

Ex vivo evaluation of
immune cell response
to nutrients ?ao?hﬁrggl

[Polymor'phonuclear cells (PMN)Q]
(>90% neutrophils)

Garcia et al., 2018
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TNF-a in spent media from LPS-challenged
m o n o Cy7%es ( | n n a te) Linear effect of choline, P = 0.01

600 Contrast of no choline vs. choline, P = 0.02
Contrast CHO 5 vs. CHO 10, P=0.17

500 -

400 -

300 -

TNF-¢, pg/mL

200 -

100 -

0 -

BCHOO0 @CHOS @mCHO 10

The decrease in TNF-a in spent media, coupled with downregulation of
NFKB1 and TLR4 mRNA abundance, supports an anti-inflammatory effect

of choline in monocytes.
Garcia et al.,, 2018
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Proliferation of ConA-stimulated

lymphoéytes.(adaptive)
Contrast of no choline vs. choline, P < 0.01
8 2.0 1 Contrast CHO 5 vs. CHO 10, P < 0.01
<
F15 -
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REF: Cells without choline and without Concanavalin A (mitogen that enhances proliferation of T-cells)

Garcia et al,, 2018
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“Feed-forward”
reg u Iat i on Of 4 = SLC5A7, cholinetransporter

progressive choline T |
m et a b o I i s nf‘% CHDH, Choline dehyd QIAT, Choline acyltransferase

A = CHRM1 and/or CHRMS5, Muscarinic receptor

4 1 CHKA, Choline kinase

f% CHRNA?7, Nicotinic receptor

Neutrophil: Mild anti-inflammatory response

Monocyte: Strong anti-inflammatory response

Lymphocyte: Enhanced proliferative response Garcia et al., 2018
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BHB impaired neutrophil bacterial

Killi
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Different letters denote significance; Grinberg et al., 2008
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Infusion study

» Late lactation cows (n = 12) continuously IV infused with either
BHB (target: 1.8 mM) or isotonic saline for 72 h

« Challenged with Strep uberis in two quarters at the start of BHB
infusion

10



BHB clamp successful

BHB cows = 1.81 m/M BHB (18.8 mg/dL)
CON cows = 0.55 mM BHB (5.7 mg/dL)
84 Trt P<0.01

BHB (mmoliL)
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infused cows

1 2 3 4 5 6 7
Day post-challenge

Swartz et al., unpublished data
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BHB delayed the febrile response to

Trmt P=0.93

* Day P<0.01

Trmt*Day P < 0.01
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* * P <0.05
+P<0.10 g y
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Swartz et al., unpublished data

23

Structural sensing

*
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- surface or cytosolic receptors

- activation of signalling cascades
- activation of transcription factors
- effector response (proliferation,
cytokine-production)

/ O0O00—
OO0 -O-

P

l

l
|
|
l

r‘.\ MICHIGAN STATE UNIVERSITY

Metabolic sensing

S0

©
099 Lactate

Intrinsic

immunometabol

iSm - many

=

nutrients can

°3e ros influence

immune function

- solute channels, diffusion, GPRs, other?
- fuel into metabolic pathways

- alteration of cellular m
- direct effects (protein-
- effector response (cytokine production, polarization)

etabolic state
or histone modification)

Loétscher and Balmer, 2019
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Extrinsic 0;
immunometabolism e
Stromal cells @
) IL-33 IL- 17;\\
* Local and distant ‘ b
H 1 IL-10? ST2
immune cglls greatly = Bl
influence tissue )
1 / IL-4
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Caputa et al., 2019 6
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Evolution of organ systems

W Drosophila Mammals
o .

Adipose
Fat body tissue

Liver
° Immune
¢ - ®  and blood
® cells
& °

Hotamisligil, 2017
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Heat stress

Social
stress Cate(.ho I JHSP Uterine involution
Uny; v P
neg A { Metritis
ROS)( Cytokines
Oxidative Eicosanoids
stress LPS
Postpartum il Mastitis

inflammation is
nearly universal in
dairy cows

Bradford et al., 2015
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Does mild inflammation directly alter liver
metabolism?

* 15 late lactation Holstein cows

 Treatments administered by s.c. injection once daily
for 7 days

+ Control (saline) CON
« TNFa at 2 ng/kg BW daily  rbTNF
« Pair-fed controls (saline) PFC

Bradford et al. 2009

28

7/6/20

14



G MICHIGAN STATE UNIVERSITY

TNFa increases liver TG content

TNFa effect
30 P <0.05
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Bradford et al. 2009
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fatt;c{o liver

No change ApoB

Bradford et al. 2009
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Immune cells regulate lipolysis

-&———/’/

Activation
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lipid uptake
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Macrophage recruitment Kosteli et al.. 2010
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Lipolysis

* Clondronate

Adipose tissue explants

kills o %2° 1 opes
a M Clodronate x
macrophages £ o2/ c Serum
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£ T 141 opss *
* Increased S 0151 _ 12 { mClocronate
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Kosteli et al., 2010
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Metabolic costs of disease

Increased metabolic activity

Reduced nutrient availability

Altered priorities for nutrient utilization
Increased turnover rates in the immune system
Damage to host tissues

“Genetic cost” - to offspring

oA WN

Colditz et al., 2008
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Resource allocation with immune
activati~-

Envlmnment

Growth, thermoregulation,
cellular maintenance

& {} W (Adipose first)
Intake :> Energy Stores :> IF“:I:‘:;:"

{fat, glucose, protein

[I— ' eic..:) ' I:::l
;l\ l; [I—

Reproduction
+ lactation

French et al., 2009
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What is the energetic cost of immune

resbonses?

Species Immune challenge Cost Reference

Human 30% Kreymann et al. (1993)
30% Carlson et al. (1997)
57% Clark et al. (1996)
16% Cooper A. L. et al. (1992)
15% Borel et al. (1998)

Laboratory rat 18% Tocco-Bradley et al. (1987)

28%

Laboratory mouse 30%

Cooper et al. (1994)
Demas et al. (1997)

Sheep

28% Fewell et al. (1991)
10-49% Baracos et al. (1987)

@ Keyhole limpet hemocyanin injection.

Lochmiller and Deerenberg, 2000
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Estimated EAA costs of immune

reﬁ%?grspergliferation of immune cells
1% for increased immune activity
9% for liver acute phase response

TNF-a
IL-1 —_—
IL-6

ACUTE PHASE PROTEINS

(Relative to baseline requirements)

Klasing, 2007
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AA depletion after LPS

Growing steers

LPS X h (P<0.01)
LPS (P<0.01)

40

30

Trp, pM
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Similar effects for:
Leucine
Isoleucine
Phenylalanine
Threonine
Serine
Alanine
Glycine
Asparagine
Ornithine
Glutamate

Waggoner et al., 2009
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What is the glucose drain?

Glucose (mg/dL)
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Kvidera et al., 2017
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What is the glucose drain?

-
(=
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o

J

Up to a 33% increase in
—e—LPS glucose turnover rate

—o— Saline
750

Plasma glucose rate of
appearance (mmol/h)

500

0 60 120 180 240 300 360
Minute relative to infusion

Waldron et al., 2006
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Assessing adequacy
* Nutritional support of health can be
difficult to assess

 Requirements are altered by physiological
state: “conditionally essential”

problems during
challenging scenarios

40
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Inflammation may alter AA requirements

75 o
Growing
pigs: 0 . 3
5
5 59 -
g " LPS, 2x/week
Ccl 51 '
& 43 -
3|3 0.545

0 0.45 0.55 0.65 0.75
SAA:Lys
Kim et al., 2012

41

r‘.\ MICHIGAN STATE UNIVERSITY

AA requirements may differ considering
immm;{by 180 - - 50

chicks: 160 { Newcastle , ® . .
. il
2 virus N o _
3 140 - // g
® challenge P =
® Fal 30 g
& 120 4 P 3
£ =
o -~ c
T o’ <
2 100 P
- o
— “ '
80 |
L J Actual LW L 10
80 Fitted fine (LW)
a Actual titer
= = Fitted line [antiboeiter)
a0 . : r T : 0
04 06 08 10 12 14 186

Valine content of food (%)

Sandberg et al., 2007 from Bhargava et
al 1970
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Overall conclusions

* Intrinsic metabolism seeks to understand how
nutrient use influences immune cell phenotype
and function

may point to nutritional strategies tlat =~ l
improve resilience and efficiency Wi

nf livectncle Atifetal, 2018 ™
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THANK YOUI!

Questions?
Comments?

bjbrad@msu.edu

@ANnimNutr
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