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Cloning of the mycobacterial epitc
recognized by
T lymphocytes in adjuvant arthritis

Willem van Eden®*, Jelle E. R. Tholet,
Ruurd van der Zeei, Alie Noordzij*,

Jan D. A. van Embdent, Evert J. Hensen™
& Irun R. Cohen$

* Department of Infectious Diseases and Immunology,

Veterinary Faculty, State University of Utrecht, 3508 TD Utrecht,
The Netherlands

T Laboratory of Bacteriology, National Institute of Public Health and
Environmental Hygiene, Bilthoven, The Netherlands

} Laboratory for Medical Microbiology, State University of
Groningen, Groningen, The Netherlands

§ Department of Cell Biology, Weizmann Institute of Science,
Rehovot, Israel

Adjuvant arthritis (AA) is a chronic disease inducible in rats by
immunization with an antigen of Mycobacterium tuberculosis®.
After the isolation of arthritogenic T-cell lines® and clones?, it
became possible to demonstrate that the critical M. tuberculosis
antigen contained an epitope cross-reactive with a self-antigen in
joint cartilage®®. Like A A rats, patients suffering from rheumatoid
arthritis demonstrated specific T-lymphocyte reactivity to the M.
tuberculosis fraction containing the cross-reactive epitope’. To
characterize the critical M. tuberculosis epitope we used AA T-cell
clones to screen mycobacterial antigens expressed in Escherichia
coli and genetically engineered truncated proteins and synthetic
peptides. The AA T-cell clones recognized an epitope formed by
the amino acids at positions 180—188 in the sequence of a Mycobac-
terium bovis BCG antigen®. Administration of this antigen to rats
induced resistance to subsequent attempts to produce AA.

Top 100 most cited in
life sciences

Why often cited:

Immune recognition of
stress proteins with
extensive sequence
conservation (HSP)may
inhibit autoimmune
diseases?



A conserved HSP60 T cell epitope induced
self cross-reactive regulatory T cells

Response to

Epitope Sequence T-cell line rat hsp
91 — 100 DGTTTATVLAALVR H.18 -
176 — 190 EESN TFGLQELTEG H.36 -
216 — 225 AVLE DPY! LLVSKV H.43 -
226 — 235 STVKDLLPLLEKVIG H.46 -
256 — 265 ALSTLWNKI RGTFK H.52 +
386 — 400 ELKERKHRIE DAVRN - -
396 — 405 DAVRNAKRAVEEGIV H.80 -
446 — 455 A PLKQA FNSGLEPG H.90

511 — 520 FL TTEAVVADKPEKE H.103

Only H. 52 prevented arthritis



X-ray analysis day 35 after HSP
treatment of experimental arthritis

Arthritis: no
treatment

SP
treatment

total radiographic score




Tolerogenic immune T
responses to novel T-cell
epitopes from heat-shock
protein 60 in juvenile
idiopathic arthritis
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The pattern of T cell responsesinduced by these

Lancet 366: 50-56; 2005 HSP60 peptidesin JIA patients and controls
supports their potential use as target epitopes for

HSP60 immunotherapy in JIA.

Results suggest the induction of T cellswith a

regulatory phenotype that in oligoarticular JIA
patients may contribute to disease remission.



Regulation by self-Hsp specific T-cells

Fathogenic
effector T cell

L-10
TGF-B?

Self-HSP-gpecific Fathogenic
regulatory T cell effector T cell

L-10
TGF-B7?

Self-HSP-
derived

Inhibition of
pro-inflammatory APC k
cytokine production Stress

Self-HSP

Regulation through self-heat-shock-protein-specific T cell

Van Eden et al., Nat Rev Imm 2005



HSP up-regulated by HSP co-inducer (carvacrol)

Isotype control (9G1) HSP spec. T cell response
....... No HSP Co-inducer
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Wieten et al. , A&R in press



Arthritis score

Oregano derived carvacrol: a novel HSP co-
inducer triggering HSP specific T reg

[ ~
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Wieten et al. , A&R in press



Immunization Infection Gut microflora

, \\% & Intestinal
Bacteria f epithelium

HSP

Skin

Bacterial HSP-
MHC class Il derived peptide

molecule

IL-107? il

HSP-derived
peptide Bacterial HSP-

APC
i derived peptide

i Regulation: f o

HSP-cross-
reactive CD4* T cell

Activation and clonal expansion of HSP-crossreactive CD4* T cells

b Periphery
Stress Acquisition of
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¢ Absence of co-stimulation

¢ Altered-peptide-ligand effects
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A
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+—— | Siress
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Van Eden et al.
Nat Rev Imm,
2005

Figure 1 | Cellular interactions that induce a regulatory mode in heat-shock-protein-specific T cells.



Reduced plaque formation in HSP60 (peptide)
treated atherosclerotic mice
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Figure 2. Oral tolerance induction to HSP80 and HSP60 (253 to 268) attenuates plaque formation. LDLr~~ mice were treated intragas-
trically with PBS {(A), HSP70 (111 to 125) (B), HSPGO (C), or HSPGO (253 to 268) (D), and 6 weeks thereafter the carotid arteries were
sectioned and lesions were quantified (E and F). During the experiment cholesterol levels were monitored (G). "P<0.05.

Van Puijvelde et al., 2007



HSP are immuno-modulatory stress
proteins : human

+ Rheumatoid arthritis, IBD: [ectui,,...
diabetes, atherosclerosis, allergy

 Paratb vaccine in cattle [Intervet Merck &Co]

- Phytochemicals with immuno-stimulatin

antimicrobial activity: carvacrol in chicg'ens
ALTANT]

SP in canine atopic dermatitis [Pfizer Animal
ealth Ltd.]

- Biomarkers of disease.....



PERSPECTIVES

How might immunologists consider
immune computation? First, note that the
concept of computation takes us beyond

Real and artificial Immune systems:  partcuiar molecute, cels and inter-

. h f h b d actions. When referring to immune com-
putation the view is synthetic rather than
CO m p Utl ng t e State 0 t e 0 y analytical; we look to the end behaviour
of the system and not at its component
Irun R. Cohen parts. The computational question is not

Ab Herel he idea that the i ) l which cellular and molecular interactions
stract | Here | present the idea that the immune system uses a computationa comprise the immune system, but, what,

strategy to carry out its many functions in protecting and maintaining the body. ¢ anything, might the immune system
Along the way, | define the concepts of computation, Turing machines and system  be computing. Moreover, reframing the
states. | attempt to show that reframing our view of the immune system in  immune system in computational terms

computational terms isworth ourwhile. shifts our attention from the proposed
goals of immunity (defence against

pathogens, self versus non-self or danger

OPINION

The field of artificial immune systems ( AIS) The question for us as immunologists, discrimination and so forth) to the state of
was developed by a gmup of computer and however, is not what we can do for AIS the immune system.
inFrermat -~ crianticbs and e tHhrnat cdanc crdnmtote hast rathoat A TC oriantote man An foe ThThat ic vwnant her tha cbeba ~F dha

Nature Rev Imm, July 2007



Table 1. Differential presentation of peptides on HLA-DR molecules and corresponding mRNA data

Autophagy promotes MHC class Il presentation 5k
of peptides from intracellular source proteins
Jorn Dengjel™, Oliver Schoor'™, Rainer Fischer®, Michael Reich", Marianne Kraus", Margret Muller®, 3}3 2:{“

- 0.54

Katharina Kreymborg®, Florian Altenberend®, Jens Brandenburgl, Hubert Kalbacher!, Roland Brocks, 0 oss

133
P . .
Christoph Driessen', Hans-Georg Rammensee®, and Stefan Stevanovic™* -
B-lymphocyte antigen CD 20 931 INIYNCEPANPSEK 116 NC 1.53 NC
Class | cytokine receptor 9466 VGVPYRITVTAVSASG 1.20 NC — NC
Transferrin receptor proteln 1 7037 FTYINLDKAVLGTSN 118 NC 0.85 NC
Carboxypeptidase D 1362 VPGTYKITASARGYNPYV 1.27 1.23 1.37 1.52
1362 VPGTYKITASARGYN 113 1.23 - 152
Extracellular protelns
serotransferrin (bovine) RYKDGTVIQNTD 066 — 137 —
DVARVKDOTVIGNTD 113 — — —
DVARKDQTVIO 1.24 — — —
sarum albumin {bovine) SPOLPKLKPDPNTLCDEF 1.24 — 101 —
Apolipoprot B-100 (bovine) SASYKADTVAKVQGT 1.08 - 1.02 —
SASYKADTVAKVQETE 0.98 — 0.44 —
Intracellular protelns
Heat shock 70-kDa protein 1 3303 MVLRINEFTAAAIAYG 1.50 348 148 NC
3303 VLRIINEPTAAAIAY 1.03 348 1.24 NC
3303 RINEPTAAALA 149 3.48 2.5 NC
3303 VLRIINEPTAAAIAYG 112 3.48 1.30 NC
Heat shock cognate 71-kDa protein -~ 3312 GILNVSAVDKSTGKE 167 NC 1.51 NC
3312 ERAMTKDNNLLGKFE 119 NC 1.50 NC
3312 GERAMTKDNNLLGKFE 148 NC 1.30 NC
Elongatlon factor 1- 1 1917 IEKFEKE AAENIGKGSF 149 NC 287 NC
TNF, e-Induced protein 3 7128 EIHKALIDRNIQ 132 214 — 264
RAD23 homolog B 5887 LLQQISQHGEHF 188 NC 179 NC
Actin, cytoplasmic 2 7 TOYLMEKILTERGYS 1.30 NC 1.09 NC
WEDD4La 23327 DGRTFYIDHNSKITG 1.26 NC 1.51 NC
T complex proteln 1, & subunit 10576 SLMVTNDGATILKN 115 NC - NC
Ublgqultin 73N SDYNIQKESTLHLY 1.05 - 142 -
w enolase 2023 VPLYRHIADLAGNSEV 1.50 NC 1.14 NC
syntaxin & 10228 NPRKFNLDATELSIRK 160 NC — NC
tubulin g-5 chain 10382 EPYMATLSVHOL 1.50 NC 1.23 NC
Lysosomal protelns
Cathepsin € 1075 YDHNFVKAINAIGK SWT 1.31 NC 1.28 NC
1075 YDHNFVKAINAIQK SW 1.28 NC 127 NC
1075 YDHNFVKAINAIGKS 1.56 NC 140 NC
Cathepsin D 1509 LSRDPDAQPGGE 083 NC 2.30 NC
Cathepsin § 1520 TTAFQYIIDNKGIDSD 161 2.30 — 492
1520 TTAFQYIIDNKGID 1.90 2.30 1.56 492
Lysosamal c-mannosidase 4125 VDYFLNVATAQGRYY 164 NC — NC

The given peptide and mRNA ratios refer to the comparison of cells grown under stanvationwith contral cells. For peptides, ratios were caleulated from the
sigral intensities in LC-M5 experiments. mRNA ratios were caloulated from the signal log ratics given by the microamray analysis. No change (NC) is displayed if
no significant change in the expresion level was observed according to the change algorithm,



Intracellular proteins

Heat shock 70-kDa protein 1 0 MVALRUNEDT A A ALA
3303 VLRIINEPTAAAIAY

3303 VLRIINEPTAAAIAYG
Heat shock cognate 71-kDa protein 3312 GILNVSAVDKSTGKE
3312 ERAMTKDNNLLGKFE
3312 GERAMTKDNNLLGKFE

Hsc70, Hsp70 and GAPDH are the three most frequent  cytosolic/nuclear MHC class Il natural ligand
sources: Paludan, et al. Science 307, 593 (2005)

OH



Stress proteins as functional biomarkers of
immune regulation

Peripheral tissue Circulation Inflammatory site

inflammation > Up-regulation
self-Hsp

Stress > Up-regulation
self-Hsp o

Pro-inflammatory
T cell

q'sp-specific Treg
aged

Stress > Reduced @bacterial Hsp inflammation > Reduced
up-regulation self-Hsp up-regulation self-Hsp

@self Hsp

/-"-'—_—"'-N_
SenterNowvem

Thesis Wieten 2009 090066



Mission 2007-2010

Re-inforce economic spin-off for Noord-Holland,
Utrecht and Flevoland related to knowledge on
Infectious diseases of animal and man




“Network of Excellence”

* Big pharma /Biotech R&D
Intervet Merck&Co, Pfizer Animal Health Ltd., Eli Lilly-Elanco, GSK

e Specialized SME’s

diagnostics, drug delivery, immunomodulation and immunotherapeutics

« Knowledge institutes (unique facilities) >1000fte
» Utrecht Veterinary Research top 5 of world
» Utrecht University Life Sciences top 10 of Europe
» Cluster Randstad NL top 3 of all life sciences clusters in EU.
» Strong integration between clusters Lelystad CVI, Wageningen UR, Utrecht/ RIVM/NVI,
Amsterdam LS.




MHC Presentation of stress protein
fragments by cells under stress

MHC
class i

MHC
class |

D

ER LAMP-2a

*
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From Minz, Cell. Microbiol., (2006) 8:891-898



Epitope-specific immunotherapy induces immune
deviation of proinflammatory T cells in
rheumatoid arthritis

Berent J. Prakken™, Rodrigo Samodal®, Tho D. Le™, Francesca Giannoni®, Gisella Puga Yung®, John Scavullif,
Diane Amox?®, Sarah Roord'™, Isme de Kleer', Dustan Bonnin', Paola Lanza$, Charles Berry®, Margherita Massa™,

Rosario Bi||etta§' and salvatore A'banif§” A228-4233 | PMAS | March 23, 2004 | VO'. 101 | no. 12

m Leading Edge

Unresolved ER Stress Inflames the Intestine

Poreril Ma'*

'‘Dapartmeant of Meadicina, University of Califomia at San Francisco, San Francisoco, GA 8414530451, USA
“Caorrespondencs: averil.ma@ucsf.edu

DO 1010164 .cal. 2008, 08, 023

Call 134, Septamber 5, 2008 ©2008 Elssvier Inc.
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Smoke particulates stress lung cells e

I
Tracy L Adair-Kirk, Jeffrey J Atkinson & Robert M Senior /Wmﬂm il

VOLUME 14 | NUMBER 10 | OCTOBER 2008 NATURE MEDICINE

Andromeda Biotech Announces Successful Phase Il Interim Results
Of Its Lead Product, DiaPep277 For Type 1 Diabetes
02 Jan 2009




Intestinal epithelial cells
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HSPG60 Iin Juvenile ldiopathic Arthritis

Raised expression in inflamed
synovium

T cell responses to HSP60 in
remitting disease

Disease remission preceded
by HSP60 responses

Especially T reg respond

(Lancet 1991, JCI 1995,
Nature Rev Immunol 2005,
Arthritis and Rheumatism
2006, Drug Discovery
Today 2009)



HSP-specific regulatory T cells

Mean arthritis score recipient mice

- pOVA-
10- _ rpOVA+
g- -o-B29-
, —O-B29+

Arthritis score
»

0 5 10 15 20 25 30 35 40 45
days after 2nd PG immunization

Van Herwijnen et al., in prep.



Effect of oral Mt-Hsp60 (30p)
on Adjuvant Arthritis

B 10 - —=— SOD/STI

. = HSPG5/STI

v |

‘I

= 5

c 4

= ges
P AT S
1- :
0

11 12 13 14 15 16 17 18 19 20 21 22 24 26 28 30
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Cobelenset al., A& R, 2001



Suppressive effect of Intranasally
given Hsp70 peptide In TNBS -colitis

30 pg HSP70 or 100 pg peptide
(in PBS) intranasally

‘ ‘ ‘ ‘ 0 1 6 9 colitis induction

Day:
0 7 14 16 18 2021 22 23 28 31
t ottt ot
30 ug HSP70 in PBS or PBS alone TNBS dissection
intragastrically skin
preceeded by SBTI sensitization
TNBS

percentage

rectal challenge

body weight changes

5 :
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time (days) Bol-Schoenmakers et al., in prep.



Editorial

Vaccination Against Atherosclerosis
Science or Fiction?

Goran K. Hansson, MD, PhD

therosclerosis bears many similarities to inflamma-
tory/autoimmune diseases like rheumatoid arthritis
and multiple sclerosis (MS).12 Compelling data from
experimental models show that such diseases may be treated
by vaccination. Will it be possible to attack atherosclerotic
cardiovascular disease with the same approach? Several
studies have shown positive effects of immunization with

yenie renarations 3-6 e — \ foena o

Circulation demonstrates a protective effect of oral and nasal
immunization with another antigen, heat shock protein 63

(HSP63).7

See p 1708

mterleukin-4, interleukin-10 (IL-10}, and transforming
growth factor-g.

Interestinglv, Th2 activation can be induced by oral or
nasal administration of antigens.'® In experimental autoim-
mune conditions, such as experimental autoimmune enceph-
alomvelitis and collagen-induced arthritis, the administration
of myelin and cartilage proteins, respectively, can be used to
successfully prevent development of disease.! A similar
mucosal vaccination 18 presently being fested in the human
counterparts, MS and rheumatoid arthritis.

The key to inhibiting inflammation by mucosal vaccination
is obviously to use the right antigen. In atherosclerosis, 2
major autoantigens are implicated: oxidized LDL (oxLDL)

Circulation 2002




Microbial HSP are immuno-dominant and
promote immune regulation

Mlcroblal HSP Self HSP
Innate & adaptive Self-HSP
Immunity reactive T cell

’% @i

[Pathogen eIimination] Immune regulation




Oral HSP60 induces Foxp3+ T reg
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Figure 4. Increased expression of Treg markers is observed within lesions of HSP60-treated LDLr~"~ mice. To investigate the presence
of Tregs within atheroscleratic lesions, mRNA was isolated from carotid arteries of PBS (n=9) and HSPE0-treated (n=5) mice and the

expression of CD25, CTLA-4, and Foxp3 was quantitatively determined. *P<0.05. VGn Puuvelde e‘r al ,

2007



Mean Arthrftis Score

Modulation of arthritis by pre-
immunization with hsp60 peptides

PBS Peptide

86-100 176-190 211-225 226-240

o > % ®
256-270! 511-525
10 20 30 o '4'0
Anderton et al. JEM 1995




