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Monday, August 5, 1352

Black Death kills
3000 in one week

his week more
I than 3,000 peo-
ple in Britain

have died from the
Black Death

This brings the total
dying across Europe
to 15 million dying
from the bubonic
plague and 10 million
dying from the term-
ble pneumonic
plague. Will this ever
stop™ Will anyone
survive?

Already 17 of our
best writers have died
and 20 are at home
sick

Whase fault 15 it? In
Strashourg, it is said
that the Jews are to blame,
in Italy, God has supposed-
ly brought this upon them,
However the real reason is
that our roads are simply
not clean enough

The Lord Mayor of
London has ordered the
streets 1o be cleaned and
others are following this
ingenious order,

With doctors still not
being able to find a cure
we can only hope that this
disease simply goes away.

The Black Death is usu=

ally associated with
Europe but it neither began
nor ended then. The earli-
et records of this pesti-
lence are in China.

In 46 AD an epidenmi
Mongolia killed two-thirds
of the population.

In 512 northern and cen-
tral China became a waste-
land and in the province of
Shensi, only one or two
out of 100 taxpayers sur-
vived, In 468, 140,000
people died in the Chinese
cities of Honan, Hopei,

in

Shantung and others

. A ]

Estimated population of
Europe from 1000 to 1352,
- 1000 38 million
- 1100 48 million
- 1200 59 million
- 1300 70 million
- 1347 75 million
- 1352 50 million
25 million people died in
just under five years
between 1347 and 1352.4

The Toll:of infect

diseases
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-The theory of miasma disease
made sense to the English
sanitary reformers of the mid-
19th century.

- Miasma explained why cholera
and other disease were epidemic
in places where water was
undrained and foul-smelling.

- the theory led to improvements

o)

r“-’ G i:' 3..

: 3 : : o
mwh‘} Vo, in water drainage and sanitation,
o) o i O ";‘ which decrease cholera
AR ”'-% outbreaks, leading increase
-‘ . . ’V—--‘z‘w \' )

support for the theory.
A representation of the cholera
epidemic of the 19th century depicts the - Florence Nightingale was a
spread of the disease in the form of strong supporter of the theory

poisonous air
UMC % St Radboud
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By eating them:

the phagocytosis
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1905 Nobel speech:

“eventually molecules
will be identified on the
surface of leukocytes
which could identify
microorganisms”
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Complement

Jules Bordet

Classical Alternative
Pathway Pathway

Pathegen
Surface
Antigen

Antigen - Ig
Complex

Formation

of (3

Convertase

MAC

Membrane Attack

Peptides to:

f Inflammation
Chemotaxix

Complex
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Antigen presentation

cellular
— = immunity
e —p  gntibodies
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IL-12/IL-18

IL- 1/6/2

y TNFa
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Innate immunity:
STRONG but STUPID
- rapid

effective

- not-specific, indiscriminate

Specific immunity:
LAZY but SMART
- needs 10-14 days

- a specific activation against a
particular microorganism,
enhancing the effectivity of the
response

UMC \% St Radboud
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41 i of innate immunity

IL-10, IL-4
IFNy

Charles Dinarello

UMC \% St Radboud



Nijmegen Institute for

Infection, Inflammation
& Immunity

Thedorsoventral regulatory gene cassette spatzle/ToII/cactus
controls the potent antifungal responsein Drosophilaadults.
Lemaitre B, Nicolas E, Michaut L, Reichhart JM, Hoffmann JA.

UMC % St Radboud


http://images.cell.com/images/journal_images/0092-8674/PIIS0092867496661723.GR5.lrg.gif
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+6ll-like:receptor signal pathway

Ligands

Receptors

Signaling
proteins

Target proteins

Drosophila
Spaetzle

Toll

Tube
Pelle

|

Cactus
Dorsal, Dif

|

Drosomycin

Human
IL-1

IL-1R

MyD88
IRAK, Traf6
kB
NFkB

|

IL-6. TN FUMC % St Radboud
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Gram-positive  Gram-negative  Other microbe (B}  Microbe 1 Microbe 2 Microba 3
bacteria bacteria classes
PGMN LPS {_J'_F'
P I'.__"j |’/_J

T TS
bbb
| 1[0 _[mmmma

i i i gl 00 OO0 COn W§ OO0

TLR2 TLR4 TLRX TLR4 TLRS TLRS TLR2 TLR4 TLR2
\ l ./ l l i TlLHE l TlLHI

Inflammatory response Response A Response B Response C

UMC \% St Radboud



’+\
(11

Nijmegen Institute for

Mu| Infection, Inflammation
41) & Immunity

Trained Immunity:
a memory for innate host defense
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Introducing BCG in Norrbotten, Sweden, 1927-31:

Mortality at 0-4 years - 20,000 children

12% -
Coverage
highest 10% -
in families

with TB 5% -

Reductionwas _,, | OBCG+
. - 6%  BOG
in infancy, but ;

TB deaths
4%
occur later
- 0
This made 2% I
- T T 1

little sense

0% -
Total TB deaths Neonatal Non-TB

"One could evidently be tempted to find an explanation for this much lower mortality

among vaccinated children in the idea that BCG provokes a non-specificimmunity...”
Carl Naeslund 1932
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) -
Innate: / Adaptive:
/ Macrophages

DCs

B cells
| Neutrophils |
\  Basophils Ticens ,“
\ Eosinophils
Mast cells
NK cells
Innate immunity: Adaptive immunity:
- rapid - needs 10-14 days
- effective - a specific activation against a
- not-specific, indiscriminate particular microorganism, enhancing

- lacks immunological memory the effectivity of the response

- builds immunological memory
UMC \% St Radboud



Memery: the ability of a System to store and recall

Nijmeg

nfiyfor Maieron previously encountered characteristics
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Holometa-

Heterometa- Fishes ~ Amphi- Reptiles Birds ~ Mammals
bolous

bolous bians

Placoderms
Insects Gnathostomes
Adaptive

/0
Aonathanc
Molluscs Innate AgNa thans

Ny T Fchinoderms
Annelids
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» Convergent evolution: development of the same
property in independent group of organisms

Nerves
Retina

Optic
Nerve



» Convergent evolution: development of the same
property in independent group of organisms

Vertebrate Cephalopod



SH A RK (Fish)

- Ancestiral Ancagiral
e = )& Bird mammal repile

DOLPHIN Mammal)

OMG we have such No...l think it's just
similar beaks!!!! because we live in
Are we related? :o the same area...:D
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Table 1. Selected Experimental Models in which Biological Activity Compatible with the Concept of Trained Innate Immunity Has Been

Reported
Organism Experimental Model Biological Effect Specificity References
Plants— Systemic Acquired Resistance
Large variety of plants Viruses, bacteria, fungi Protection against reinfection Variable Durrant and Dong, 2004;
Sticher et al., 1997
Nonvertebrates
Mealworm beetle LPS, or bacterial prechallenge Protection against secondary No Moret and Siva-Jothy, 2003
infection
Drosophila S. pneumoniae prechallenge Protection against S. pneumoniae Uncertain Pham et al., 2007
Anopheles gambiae Plasmodium prechallenge Protection against Plasmodium No Rodrigues et al., 2010
Sponges Transplantation Rejection Yes Hildemann et al., 1979
Corals Transplantation Rejection Yes Hildemann et al., 1977
Vertebrates
Mice BCG Protection against candidiasis No Van ’t Wout et al., 1992
Mice Candida vaccination T/B cell-independent protection No Bistoni et al., 1986, 1988
Mice Murine CMV infection NK-dependent protection No Sun et al., 2009
Humans BCG Nonspecific protection to secondary No Garly et al., 2003
infections
Netea et al: Cell Host and Microbe 2011 UMC @ St Radboud
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Innate-immunity-dependent
protection in mice

& == Rag1-/- CCR2-/-
wild-type 125+ 125m
====Control
=100 = 100+ — i
& 1001 % ' % C. a trained
— 1 1
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Quintin etal, Cell H&M, 2012
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i Trained immunity

.

2 Frst infection Second infection
% — Enhanced trained response
o
5
=
£
G
)
ie)) Y Y
o
= e > Time
‘I\\IK 11 ‘\ , ’
NS Infection .
vaccination \Ly49H Enhanced ef ector
. * /' functions
PRR ~ ‘\ /' /
‘\ - ~\
Mo

Epigenetic reprogramming

Neteaet al. Science 2016 UMC ﬁ? St Radboud
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translation

folding
—

protein

amino acid chain
RNA

Neteaet al. Science 2016 uMcC \% St Radboud
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iiuniy reprogramming in myeloid cells

RNA-seq
Gene expression
Non-coding regulatory RNAs

ATAC-seq

Open chromatin (i.e. nucleosome-
free regions) can be bound by
TFs, which can be identified by
motif sequence

ChlIP-seq

Histone tail modifications determine
‘activity’ by attracting TFs

(we use 5 histone modifications)

WGBS - whole genome bisulfite
sequencing

DNA methylation maintains DNAIn a
closed state UMC i§7: St Radboud
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Naiive Mo/ NK
low gene expression

Nucleosome

Stimulation

Activated Mo/ NK
Active gene expression

80 égI-BKzlmeﬁ 83 80

E g H3K27AC g z

Epigeneticsignature: H3kdme3
H3K4Ac

Resting

Histone Acetylation Histone Deacetylation

Trained (resting Mo/ NK)

low gene expression H3Kdme1"latent enhancers”
L 4 9 L]

L0600

Epigenetic signat ure: H3K4me1

Restimulation

- '
DNA N the N UCIeUS Trained (stimulated) Mo/ NK

High gene expression

H3K4me3 H3K4me1
S g g %

E @HSIQFAC z z

Epigeneticsignature: H3K4me3
H3Kdmet
H3K4Ac
removal of H3KOme3
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GENE EXPRESSION OFF
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UMC % St Radboud
Quintin etal, Cell H&M, 2012 W
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& Immunity Less Meth.ylation
TNFa
10~
ns
o 1 T
o
-
@
R _|_
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= 1
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FPMI LPS Fal . a MoTH

UMC % St Radboud
Quintin etal, Cell H&M, 2012
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training (H3K4me3)

QAN .. .

g priming Quintin et al., CHM, 2012

(b}

é \ homeostasis

% tolerance (H3K4me3)

§ Foster et al., Nature 2007
£ >

t duration (days/weeks?) t

primary secondary
infection infection

UMC \% St Radboud
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Metabolic status in trained monocytes

(I H IIMMM

PC2 (expl. var = 17.2%)

|
I| WII |

1 \‘ I ”

Arts et al, Cell Metabolism 2016
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Metabolic status in trained monocvtes

, Legend
purines name/—p» = sig. upregulated
name/ —9= unchanged/
not meas.
penthose
glucose  glucose-6- fructose-6-
phosphate % phosphate—» .. hate .
i pathway glutamine ————
2-hydroxy
glycolysis glutarate 4— glutamate
i 2-0X0- l
lactate glutarate succinate
< 4 pyruvate semialdehyde

acetate i

p—p acetyl-CoA succinate

citrate fumarate
cholesterol

biosynthesis

0
(>50% genes —p— cholesterol
upregulated)

Arts et al, Cell Metabolism 2016



Immune cell TLR

stimulation

|

glucose

glucose

autophagy

i

glucose
l HIF-1a «<—— MTOR «<—— Akt
glycolysis ‘/ /
| PDH [ avidarve ) N |
2ATP pyruvate _, | Oxidative Lipid synthesis
phosphorylation Y.
O, | ACC
O, not present —> AcetylCoA
present | NAD* Krebs cycle
\ 4
v l HIF-1a
ic aci lectron /
Lactic acid E |

N transport ) Histone acetyl
NADH transferase

36 ATP

Active cells NENWCYES



Glucose consumption

Glucose consumption & lactate secretion

Glucose consumption (d0-d1)

0.6+

0.4+

= 034 —|_

0.2

0.1

RPMI

B-gll:lcan

Lactate secretion

Lactate production (d0-d1)

250+
—
200+
= T
J 1504
2
=
5 1004
[
o
50+
RPMI B-g|l:lc:ll1

Chengetal, Science,2014
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Glucose consumption (d3-d7)
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Control vs Bglucan conditioned

1001
+ Control
90+ = Bglucan conditioned
80-
70-
K9]
3 60-
£ 50-
£
© 404
£
o
30-
20-
101
O# N L] L] 1 1 1 L] L] L] L]
80 90 100 110 120 130 140 150 160 170 180 190 200
Time [min]
Cells Basal | LPS 50 ng/ml |Oligomycin sensitive | Oli + FCCP | Rot + AA
Control 21.58 21.27 3.7 48.7 2.36
Bglucan conditioned | 11.77 11.54 3.7 31.06 2.36

_ UMC E@ St Radboud
Chengetal, Science, 2014 .



Blocking glucose consumption in-vivo
inhibits trained immunity

Myeloid cell-specific HIF1a KO

WT PBS
100 HIF PBS
- =+ WT b-glucan
I @— HIF b-glucan
75 [
L 5=0.0445
S °

50

25

Percent survival

0 2 4 6 8 10 12 14

Chengetal, Science, 2014
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Infection, Inflammation

sty of trained monocytes
glucose B-glucan
dectin-1
glucose
l € HIF-1la €—— mMTOR €——— Akt
Increased
glycolysis
PDH a N
pyruvate Low
TCA cycle
l Low oxidative
phosphorylation
High
Lactic acid \_ J
Metabolic activation of trained
monocyte

_ UMC E@ St Radboud
Chengetal, Science, 2014 .



Metabolic status in trained monocvtes

, Legend
purines name/—p» = sig. upregulated
name/ —9= unchanged/
not meas.
penthose
glucose  glucose-6- fructose-6-
phosphate % phosphate—» .. hate .
i pathway glutamine ————
2-hydroxy
glycolysis glutarate 4— glutamate
i 2-0X0- l
lactate glutarate succinate
< 4 pyruvate semialdehyde

acetate i

p—p acetyl-CoA succinate

citrate fumarate
cholesterol

biosynthesis

0
(>50% genes —p— cholesterol
upregulated)

Arts et al, Cell Metabolism 2016



Metabolites are co-factors for epigenetic enzymes

NAD +

NADH

MOH

L-Malate

Fumarate
FAOM,

KDMb demethylases Amamsc

succinate

@j dehydrogenase
Succinate
G
CoASH waw thiokinase

Succinyl-CoA  NADH \

Donohoe & Bultman, J Cell Physiol

GDPOPA

OAA

2012

Acetyl-CoA

citrate synthase

HATs
ACL
Citrate ———>{Acetyl-CoA
aconitase \ » "

] Class Il HDACs

(Sirtuins)

Glutamine




Fumarate induces trained immunity

- KDMS5 activity KDMS5 activity
0.8+ 0.5-
044 ——
0.6- .
S S 0.3-
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Arts et al, Cell Metabolism 2016



Metabolic status in trained monocytes

amplification loop
IGEIR < mevalonate

PRRS \T
glucose \\
lAkt G-6-P mevalonate
mMTOR | holesterol
~ DY cholestero
l PDH Krebs cycle
HIE-1q pyruvate >
citrate ——— Acetyl-CoA
malate
Lactic acid fumarate
/ N ) Histone acetyl
KDM5 histone\ transferases
demethylase glutamate l
J— T H3K27Ac

H3K4me3 glutamine
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BCG vaccination scheme

Elood
collection

BElood
collection

Blood
I collection

4

‘i 2 weeks 3 months Time
BCG
vaccination
12- M. tuberculosis 9- S. aureus 12- C. albicans
= ** = 8] -3
i 107 L 5. L 101
5 ¥ s ¥ S
T & T 3 G
3 3 4 3
£ 4 £ 3 £
T . T 2 o
L L 1 L
0- 8-

]
before BCG 2 weeks 3 months before BCG 2 weeks 3 months before BCG 2 weeks 3 months

e ) UMC f@ St Radboud
Kleinnijenhuis et al, PNAS, 2012 -
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M. tuberculosis S. aureus C. albicans

<
L *

X X 0
before BCG 2weeks 3 months before BCG 2weeks 3 months before BCG 2weeks 3 months
25 M. tuberculosis 3 S. aureus 14 C. albicans
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-— *
-
c 24
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©
-]
g 1
O
Ne
0.0 0 0.0
before BCG 2 weeks 3 months before BCG 2weeks 3 months before BCG 2 weeks 3 months

L : UMC % St Radboud
Kleinnijenhuis et al, PNAS, 2012



BCG vaccination in vivo yellow fever vaccine

Yellow fever
D Antibody Titer
Day 90

c
)
A Vaccine: BCG Yellow fever 2
Placebo vaccine
Vena I I ’
. &
puncture: * * * *
Time point (days): -28 3 1 7 90
B Yellow fever viraemia Yellow fever viraemia Yellow fever viraemia
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eyl — % —
5
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Arts et al, Cell Host Microbe, 2018 in press



BCG vaccination induces epigenetic reprogramming
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BCG acts on myeloid cell progenitors

LKS* BM cells

3 7 14 30
days post vaccination

60

K

2.0x10%7
1.5%10%4

1.0%10%4

Total cells

5.0%10%

LT-HSC

0.0

Kaufmann et al, Cell 2018
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1 3 7 14 30 60
days post vaccination

UMC % St Radboud



BCG trained effects are sustainable in vivo

PBS-iv BCG-sc BCG-iv J Lung K Spleen
— * |
C57BL/6J C57BL/6J C57BL/6J * .
—
4 wks ‘ 10° T 107 —
r _ _ —
\ — | S | S ) = =)
T L
< (&] &
BMDM Mtb :\:\ k Mtb N\ Mtb S g , g 106
ﬁ‘i&f S e 3 z
Adoptive Transfer & &
(Intratracheal) 106 T 105 I
o oo 0\49 o e O @
J J J i@@ Q;(’csz 60\@\& i@éé’t@é Q’o\@é
Rag1-/- 1-/- Rag1-/- ¢ ¢ @ @ @

Kaufmann et al, Cell 2018 UMC&%? St Radboud



Conclusions BCG vaccination

BCG vaccination induces trained immunity in circulating
monocytes

BCG induces long-term reprogramming at the level of
myeloid cell progenitors in the bone marrow

BCG vaccination leads to non-specific protection against
unrelated infections: e.g. yellow fever vaccine viremia,
malaria

Responses to other vaccines are influenced as well

UMC % St Radboud



Atherosclerosis: non-resolving inflammation
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Nimesiaiute oxLDL but not LDL can train
nfection, Inflammation _
monocytes /in vitro

.

& Immunity
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Nijmegen Institute for - Trgjned monocytes show increased foam

Infection, Inflammation

& Immunity cell'formation
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oXLDL training induces
i e upregulated ' H3K4me3 on' the
promotor of TNFa
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Infection or vaccination
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Epigenetic reprogramming in innate immune cells
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Trained immunity transcriptional & functional programs

(¢ h
Adaptive states Maladaptive states
Tolerance » Mucosal tolerance » Immune paralysis in sepsis

programs « Limitation of tissue damage in infection

Training + Innate immunity maturation * Hyperinflammation in tissues
programs « Nonspecific protection by vaccines » Atherosclerosis

Neteaet al, Science 2016



