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Dagens tekst

 Immunologi ved forskellige infektioner

 Immunologiske korrelater for beskyttelse

« Den rette vaccine til den rette infektion

~ PRRS

— Lawsonia
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Figure 10-1 Immunobiology, 6/e. (£ Garland Science 2005}
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Antibody 104 '

(pg mi-1serum) lag
phase

103

102 -
10" 4
100 -
107 -
107
response to

antigen B

64 68 72
Days

1072-

Figure 1-20 Immunobiology, 6/e. (2 Garland Science 2005)
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Extracellulaere

E. coli

Bl.a. fraveenningsdiarré

ANTISTOFFER mod toksiner eller

. Clostridium tetani Stivkrampe overfladeproteiner pa agens
bakterier, - b : 3
svampe og rypanosoma brucei ovesyge
parasitter Actinobaccilus Ondartet lungesyge
pleuropneumoniae
Lawsonia intracellularis Proliferativ enteropati ANTISTOFFER mod ekstracellulzere
Intracellulere | Mycobacterium Paratuberkulose stadier
bakterier og paratuberculosis HJALPER T CELLE aktivering af
parasitter Plasmodium falciparum Malaria makrofager
Toxoplasma gondlii Toxoplasmose DFlllﬁEBER T CELLER mod inficerede
celler
Influenza virus Influenza ANTISTOFFER mod ekstracelluleere
Virus PRRSV PRRS stadier
(intracellulzere) | varicella zoster-virus Skoldkopper DRABER T CELLER mod inficerede
celler
Parasitere Ascaris Spolorm Eosinofile granulocytter
orme Schistosoma spp. Bilharziose Antistof afhaengig celle-medieret

(extracelluleere)

cytotoksicitet (ADCC)
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Reguleringen af immunsystemet er komplekst

1. Kontakt

& 2. Optagelse i
s celler

3. Interaktion
s med immun
“ & celler

Kitano & Oda 2006

Virus Intracelluleere bakterier Extracelluleere bakterier



Hvad fejler grisen?

Det er ejeren der er syg!
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| nfektion med virus

Smitte Virus bruger kroppens celler
f som fabrik for nye virus
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| nfektion med virus

Virus bruger kroppens celler
som fabrik for nye virus

Antistoffer kan neutralisere
spredning til nye celler,

men ikke forhindre virus
replikation
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Peptider fra "produktionen” loades i MHC klasse | molekyler

Cell surtace

Cytoplasm

Proteasome il 4

Endoplasmic ‘
reticulum

Nature Reviews | Inmunology

Brudstyklfer af egne og virus proteiner Cytotoksiske T celler overvager om cellen
pakkes i MHC klasse | molekyler og producerer egne proteiner eller virus
praesenteres pa cellens overflade
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Peptider fra "produktionen” loades i MHC klasse | molekyler

Ven eller :
Gell surface b fj ende ?
Gy_toplasrﬁ ?
()
MHC-I
) -
TAP \ C &
()
[\ /
Protea-
/ \ some

Endoplasmic

| I‘_) reticulum /

Nature Reviews | Inmunology

Brudstyklfer af egne og virus proteiner Cytotoksiske T celler overvager om cellen
pakkes i MHC k|°aSSG | molekyler og producerer egne proteiner eller virus
praesenteres pa cellens overflade
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Virusinficeret celle draebes af cytotoksiske T celler

Virus-infected cell

Cytotoxic T cell kills
infected cell

R 5
v

cytotoxic
T cell

killed infected cell
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Figure 1-25 Immuncbiology, 6/e. (© Garland Science 2005)

Hvordan maler vi
om der er dannet

D

efter infektion eller

?

vaccination «
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Intracellulaere bakterier

Immunitet afhaengig af T hjeelper (Ty1) celler og interferon-gamma (I1FN-vy)

dendritic cell

~ v
2 © mep
[FM-~

Figure 10-9 Immunobiology, 6/e. (2 Garland Science 200.
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Intracellulaere bakterier

Immunitet afhaengig af T hjeelper (Ty1) celler og interferon-gamma (I1FN-vy)

lysosome mycobacterium

R v
e O TNF-p
[FM-~
Figure 10-9 Immunobiology, 6/e. (2 Garland Science 200.
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Kvaliteten af et immunrespons efter vaccination
afhaenger af hvilken infektion der skal bekeempes

« Antistoffer
— Toksin
— Extracelluleer bakterie
— Virus
 Neutraliserende?

« Cellemedieret immunsvar
— Hjeelper (Ty1) T-celler
* Intracelluleere bakterier
— Cytotoksiske T-celler
* Virus (Lawsonia?)
— Ofte bedre X-beskyttelse mellem serotyper

| Veterinaerinstituttet
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Antistoffers effektormekanismer

A) Neutralization B) Complement Lysis  C) Opsonization and Phagocytosis D) ADCC

complement
complex C1

. . . i t
o proteins S neutralizing == non-neutralizing () opsonizing complement ? envelope @ perforin 3 Fc receptor nmfﬂon;plﬁm
antibody antibody complement complex C1 proteins PR 3
fragments

16 from M. Huber & A. Trkola (2007) Journal of Internal Medicine, 262(1)



Standard maling af antistof svar

« Antistof niveau
— Evt en bestemt antistof isotype

« Slimhinde slgA respons (sveert)
* Neutraliserende titer

— F.eks. inhibering af infektion i celle kultur

ELISA — Enzyme Linked Immuno-Sorbent Assay

substrate )
CSuhslratE {:5'
secondary
L) antibody
conjugate
Frimary Pri
antibod Mmary
nunjugatg antibody
Direct Assay Indirect Assay
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3 Effektor T-celler

Hjeelper
T-celle
(Th)

MK1.a

Cytotoksisk Natural
T-celle ; o MK Killer
(CTL) W Cell

MHC MHC
class | class I

Antigen-presenting cell

www.the-scientist.com
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Aktivering af T-celler

Signal 1 Signal 2 Signal 3

C Toell C Toell  Teell -

- m y A y

N e

CD28

MHC - CD80/ & e
ciasg 1 GDBE_M

A 4 | A
5 b p b 5 @ >
[. {«:' b : p. \’\r‘) | ,'; Er. X K o
“-..___;J“~_J,f"ﬁ_/ A u./"'"J_“ “x#ﬁ-xw.f"ﬂ C}'tﬂkl nes

Gutcher & Becher J Clin Invest. 2007
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Cytokiner styrer
differentiering af T, celler

Naive
CD4+ T cell

, TGF B, IL-2

IL-4
TGF-B + IL-21/1L-6
1L-23

@18 (1L-1)

| Treg
Cellemed!eret Humoral Ty17 Immun regulering
Immunitet Immunitet Proinflammatorisk TGF-B
| FN-y | L-4 IL-17 IL-10
TNF-a IL-5 IL-21
IL-2 IL-10 IL-22
|Veterinaerinstituttet IL-13
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Maling af cellemedieret immunitet (T41)

Intradermal kutantest

— Antigen optages af
Langerhans celler i kutis
0g praesenteres for
circulerende lymfocytter.
CD4+ Ty41 celler der
genkender Ag vil
producere cytokiner —
celleinfiltration og gdem
hudfortykkelse

— In vivo assay

|Veterinaerinstituttet
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DTH — delayed type hypersensitivity reaction

Antigen is injected into A Ty1 effector cell [Recruttment of phagocytes
subcutaneous tissue and recagnizes antigen and and plasma to site of
processed by local releases cytokines which antigen injection causes
antigen-presenting cells act an vascular endothelium visible lesion
s @ s Iy LN
o @ Q: U U

24-72 hours

Figura 12-25 & hiodogy, &le. | & Gark

d Schence 2005}




Maling af cellemedieret immunitet (T41)

DTH — delayed type hypersensitivity reaction

Antigen is injected into ATy effector cell |Recruitment of phagocytes
subcutaneous Hssus and recagnizes antigen and and plasma 1o site of
w ﬁnﬂ;h I'.I'I.ﬂhl ﬂ“j:p.lli'l; which mlwﬁ:mt;:am
 Intradermal kutantest SISSERSS IS IR W

— In vivo assay

 Interferon-gamma (IFN-vy)

assay |, :
— |Isolerede lymfocytter eller e
heparin stabiliseret blod s e o
inkuberes i 20-22 timer APC_ ®o ° o
med antigen. “ CD4+/TL} ¥
(©)
— Ty1 celler der genkender @ oI%N_
Ag vil producere — I FN-y iiig !
(ELISA)
— In vitro assay IFN-y produktion i
supernatant males i
:> ELISA
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Maling af cytotoksiske T celler (CTL)

reticulum !

Nature Reviews | Inmunology
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N\
Farvning af cytotoksiske (CD8+) T-celler med Tetramerer

N\
— Rekombinant producerede MHC klasse | 4= T.celle membran
molekyler samlet | komplex med virus peptid

— Kobles i tetra- eller multimer strukturer
— Direkte farvning af Ag-specifikke lymfocytter

R

24
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H Tetramer production figure modified from: Generation of peptide—_MHC class | complexes through UV-mediated ligand exchange
Boris Rodenko, Mireille Toebes, Sine Reker Hadrup, Wim J E van Esch, Annemieke M Molenaar, Ton N M Schumacher & Huib Ovaa
H Nature Protocols 1,1120 - 1132 (2006) Published online: 31 August 2006 Corrected online: 19 October 2006

@2 470i:10.1038/ nprot.2006.121



http://www.nature.com/nprot/journal/v1/n3/full/nprot.2006.121.html
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Eksempel 1: PRRS

Small envelope
glycoprotein (gp2)

Envelope

Matrix protein (M)

Nucleocapsid
protein (N)

Major envelope
glycoprotein (gp5)
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PRRS Antistoffer:

Den gode, den onde og den grusomme

- Den gode: Neutraliserende antistoffer mod GP5 protein

- Den onde: Irrelevante antistoffer mod nsp2, N og M protein

- Den grusomme: Antistoffer (N og GP5) der gger optagelse af

infektive virus makrofager (ADE)

Small envelope
glycoprotein (gp2)

Nucleocapsid
protein (N)

Major envelope

glycoprotein (gp5) Viral RNA

|Veterinaerinstituttet

C) Opsonization and Phagocytosis

F¢ recepton

non-neutralizing

antibody Fhagocyte

ADE: Antibody Dependent
Enhancement
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——-
—

Viral Load -

In Tissues -
Viremia

IFN ¥ Producing Cells

.T:'P “: MNeutralizin Total Antibody
£ "  Antibody esponse (measured
3 Y. ?p:msa by ELISA)
-t#. l'l-‘,.
Exposure to "eue

1mo. 2 mos, +/- 5mos. + 1yr
Udvikling af immunologiske haendelser efter PRRSV infektion

Lopez OJ, Osorio FA. Role of neutralizing antibodies in PRRSV protective immunity. Vet Immunol
Immunopathol. 2004 Dec 8;102(3):155-63.
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En ny og bedre vaccine mod PRRS skal:

e Danne Neutraliserende Antistoffer
« Undga ADE antistoffer

- Fremme et CD4+ og CD8+ cellemedieret
Immunsvar

— Aktivere makrofager via CD4+
— Standse virus replikation ved CD8+ cytotoksicitet

|Veterinaerinstituttet Pﬂ_ﬂ
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e
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Eksempel 2: Lawsonia intracellularis

« Ca 1400 proteiner i
genomet

- Lokaliseret pa begge sider
af basalmembranen

- Obligat intracelluleer

- Beskyttende immunitet er
ikke klarlagt

|Veterinaerinstituttet
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Lawsonia inokulation med tarmhomogenat

 To re-infektion forsgg i 2006 og 2008 (totalt 44 grise)
 Primeer infektion ved 5 uger

« Antibiotic clearance of the infection

« Challenge ved 12 uger

Day: 0 21 31 49 Kill day 70-84
Group Primary infection  Antibiotic Resolving/healing Challenge infection
treatment
Re-infection (Re-I) ?,, W
Treatment control (TC) ]
Challenge control (CC) V /W

Primeaer infektion ved 5 uger

Challenge "
ved 12 uger &




Lawsonia udskillelse | faeces

100- X == Re-infection (RE)
/\ -O- Treatment control (TC)
” f ‘\ -¥- Challenge control (CC)
.9 75' , V
% Pass of " |
2 bacteria | ||
2 >0- T 1
o " |
2 |
= o5 I
I [
'L\ E ] 1 7
I W4
0= W W B W B --

1 ] ] | ] ] ] ] ] ] ] ] | ] 1
<7 0 7 14 21 28 35 42 49 56 63 70 77
Days
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Lawsonia udskillelse | faaces

-8 Re-infection (RE)

100+ X
/\ -O- Treatment control (TC)
) f ‘\ =v= Challenge control (CC)
8 ] e~ Vaccine (V)
o Pass of ,'
2 bacteria I
‘w50 I
S v
32 [/

25~
0- l\
| ] ] ] ] ] ] ] ] | ] 1
<7 0 7 14 21 28 35 42 49 56 63 70 77
Days
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Patologisk score | tarm

Experiment | Experiment ||
lleum lleum
3- - 31 T
© ©
o (=2}
c c
B &
© 2- -T g o) 2-
& &
c c
3 5
E 14 E 14
o @
o o
Q Q
N
0- “ 0
RE CC Primary RE CC Vac
Challenge infection infection Challenge infection
(3 weeks p.i.) (3 weeks p.i.) (5 weeks p.i.)
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Serum akut fase protein

-#= Re-infection
=0- Treatment control
-¥- Challenge control

7000

(*2]
(o=
o
o

Haptoglobin pg/mi
(mean +/- SEM)
S
3

1000

0 7 14 21 28 35 42 49 56 63 70 77 84
Day
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Serum akut fase protein

-#= Re-infection

-0- Treatment control

-¥- Challenge control
Vaccine

(*2]
(o=
o
o

Haptoglobin pg/mi
(mean +/- SEM)

1000

0 7 14 21 28 35 42 49 56 63 70 77 84
Day
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Hvilket immunrespons skal styrkes hvis
en ny vaccine skal veere bedre end
Enterisol?

|Veterinaerinstituttet
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L. intracellularis-
specifikt 1gG og
IgA i serum

Maternel IgG beskytter
ikke

Grise uden antistofsvar
er ogsa beskyttede

/ldre smagrise udvikler
mere robust antistofsvar

|Ueterinmr‘msiéimie‘i

38

100

100

EXPERIMENT II

RE ,

0 7 W M 28 35 42 49 6 63 TO W B4

{ [imoeuaton] 1 [imcutaton]
TC :
ﬂ':"_'-:

T 144 M 28 35 42 49 56 63 TO 77 B4

1]
 [nocutton]

T
. ooh,
M ;
R
.
.."'.. . |
""M._‘ 'f
- A
A, . s, P _rh"_*f ...................
2 e N e -
T el o aat, aei S o)

O 7 14 M X 35 42 48 3 B2 T T M4

02y 1 [moctar]

Al



3000,
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. 20004 $ 26
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) o 350 Am
a< i
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3‘13 250- '
g g 200
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Cellemedieret immunrespons

CMI responses to L. intracellularis are not easily

measured
Guedes & Gebhart 2010

L. Intracellularis er obligat intracellular (cytosol)
 |IFN-y knock-out mus er mere modtagelige for Lawsonia infektion

- Tidligere DTH og IFN-y assay malinger er lave og kun tilstede i fa
grise

|Veterinaerinstituttet
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Potensering med rlL-18 afslorer IFN-y respons

60000
40000 E
20000

E 600 ]Ll
2 500 |
= 400
=
=
PBS Lawsonia
SDS-antigen

B3 [ awsonia-infected pigs, no IL-18 in culture

2 Lawsonia-infected pigs + rIL-18 {20ng/ml) in culture

3 Non-infected pigs + rIL-18 (20 ng/ml) in culture
IFN-vy assay pa L. intracellularis inokulerede grise dag 48 p.i. (N=12) og ikke-inokulerede
kontrol grise (N=10) (Experiment I).

Riber et al. Vet. Imm. Immunopathol. 2011.
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rlL-18 potentiated
(50 ng/ ml)

| FN-y assay

 |FN-y respons efter
primeer infektion stiger i
uger efter inokulation

 Umiddelbart IFN-y boost
efter challenge

- /Eldre pigs udvikler et
more robust IFN-y
respons

|Veterinaerinstituttet
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Gated Lymphocytes

a
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Detaljering af IFN-y I
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Distribution of IFN-y producing cells

in individual pigs
. . IFM-y production (iIMFT)
Detaljerlng af | FN-Y in individual pigs CC group Re-i group

producerende celler B
= ngi % a7 52
3% g:: IFN-y iMF1 > 15
E k Wl Hn N
CD4+CD8+ IFN-y high — =
memory T, cells %‘ gz & &
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CD8+ IFN-y low &8 ui-- IFN-y iMFI > 15
effector cytotoxic T | % 1.L_.I:l__'_-
cells ? g “ERT RS
CD4 + ;f §= -
T, cells R5 |
H :E‘g f& - e 5 55 7 “
“g | &3
cD4-CDS- 3| e G0
NK cells? — - ==

O b V9P
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Day 82
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s%8 8 3 M
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L. intracellularis inficeret lamina propria har forgget antal
CD4+ og CD8+ T-celler i forhold til immune grise.

—~ 100= * ns =2.00
8 i i —
o 754 - | A 1150 =
3 — L °
2 E A A A Aﬁ'1-25g
o = J g i i
S 504 A Eg 2 § A __ 100 &
X3 A A — =075 O
S, A *‘A_ 2 g A O
£ 25" 4 4 A A, F050 %
£ ﬁf A Loos ~
z 4% R f A 4
< 0 i i L 0.00
cD3* cDg"io" cD4* Ratio

cD4*: cbg"9"

A CC group A RE group A TC group
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Lawsonia konklusioner

Cellemedieret immunrespons
— Significant hgjere IFN-y respons i immune grise
— Produceres af bade CD4+ CD8+ og CD8+ lymfocyter

Serum 1 gG
— Maternelle antistoffer beskytter ikke (nok)
— Immunitet var ikke afhaengigt af antistof respons

Serum I gA
— Ingen booster effekt af challenge inokulation

Lokal I ntestinal slgA

— Ingen forskel i respons pa challenge inokulation
mellem immune og modtagelige grise

— Kan forst males 2 uger inokulation

|Veterinaerinstituttet Cordes et al. Vet. Research 2012,
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Hvilket immunrespons skal styrkes hvis
en ny vaccine skal veere bedre end
Enterisol?

Vores bud:
Et cytotoksisk (CD8+) T-celle respons

|Veterinaerinstituttet [DT['
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Dagens tekst

 Immunologi ved forskellige infektioner

 Immunologiske korrelater for beskyttelse

« Den rette vaccine til den rette infektion

~ PRRS

— Lawsonia

|Veterinaerinstituttet
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Den store ligning:

f@ 7 5

— {271 82 81 8284}ﬁAMu mobdynixh

You bastard,
| was going to
say that!
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