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Learning Objectives

« Explore and be able to explain the basic properties and effector
biology of the major pathways currently implicated in SLE
pathogenesis






SLE is clinically heterogeneous — so too its immunology?
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Allen M et al Trends in Molecular Medicine, February 2021, https://doi.org/10.1016/].molmed.2020.09.009



A focus on SLE pathogenesis

Genetics Susceptible
state

* Hormones

* Microbes

» Ultraviolet
light

* Diet

* Toxins

» Stochastic
effects

Local tissue contributions to inflammation

/-\ * Type | IFN

Loss of ?Triggers  Spread of o TNF
tolerance autoimmunity o |L-6

* Epigenetic changes

\_/ » Tissue damage

Self-sustaining
feed-forward loop

> E'a_jntibodies > I\@‘{ptoms

Tsokos, G. C. et al. (2016) New insights into the immunopathogenesis of systemic lupus erythematosus
Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2016.186



Understanding the biology of SLE...
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—— *IL-6 ——— inflammatory cells
*IL-8 * Tissue injury
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Tsokos, G. C. et al. (2016)Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2016.186



Polling Question #1

The current state of the art identifies which
of the following as the dominant cytokine

effector pathway in SLE?
A. BAFF
A. IL-17
B. Type 1 interferon
C. none of the above



To understand the contribution(s) of distinct mediators...

« Major mediators in the patho-immune responses (the actors)

« Cytokines as general regulators
« Type 1IFN
« [L-17 family
- BAFF
« JAKs??2?



]

Recall a fundamental immunologic property - “Immunity by equilibrium’

%

Type 2 response

Extracellular
microorganisms

Exclusion of
microorganisms
Pl

Intracellular viruses
and bacteria, and
tumours

Type 1 response

Type 4 response

= “The healthy immune system is always active and in a state of dynamic equilibrium
between antagonistic types of response”

= “Alteration of the microbial environment leads to immune disequilibrium, which
determines tolerance, protective immunity, and inflammatory pathology”

Eberl G. Nat Rev Immunol 2016;16:524-32



Recall a fundamental immunologic property - “Cytokines as hormones”

’I

Sustains

type | IFN
expression

Collectively
promote loss of
self tolerance
and sustained
Inflammation

Tsokos, G. C. et al. (2016) Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2016.186



Is SLE actually one disease?
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Impact of genetic variants in the IFN pathway in SLE

Genetic influences on type | IFN in SLE

Common allele,
modest effect

Gene-gene and gene-
environment interactions,
moderate effect

Rare allele,
large effect

Frequency of genetic variant

TREX1,

ADAR

Effect size of genetic variant

Postal M et al Current Opinion in Immunology 2020, 67:87-94



The most prevalent endotype in SLE is the Type | IFN signature

i ILLUMINATE-1 o T

881 Patients

!
=
'
|
|
|
|
|
|
|
|

3210 8 6 4 2 0 2 4 6 8 10 12 14

Interferon Response Genes

Hoffman E et al, Arthritis Rheum 2017 GSE88884



IFN superfamily —some basics: classified by receptor usage

Type I: IFN-gs (13 types) Type II: IFN-y Type lll: IFN-As (3 types)
B/ o/ x/e/8/%

IFNAR2 IFNGRI

Wang H, Hu H, Zhang K. Arch Biotechnol Biomed. 2017; 1: 001-016



IFN - some basics...

) [1SRE-activated
| ISG transcription

McNab F et al Nature Revs Immunol 2015 15; 89



| F N I n h OSt d efe n Ce XX Production of antimicrobial effectors,

such as iINOS and IDO

1 C. trachomatis
Chemokine induction and 1 C. pneumoniae
cell migration :'E pn'eumophila,
— - A coli
‘{_SLP - 14 C. albicans IFNYy responsiveness 85 S eumonias
il pylo . ; : 1 Group B
——*| streptococcus
TPberghei eprae T C. albicans
4 T C. neoformans
TL. major
v Cellular invasion
Changes in : » | 4 5. flexneri
cellular populations ype | 'FN!, " IS, "?yphimuﬁum

Induction of immunosuppressive
factors, such as IL-10, PDL1
and IL-1RA

Production of
pro-inflammatory cytokines

Apoptosis

TE. coli

1 S. pneumoniae

T Group B
streptococcus

McNab F et al Nature Revs Immunol 2015 15; 89



Multiple pathways to stimulate IFN

EBV-encoded small RNAs

Apoptotic cell
EBV %0 9% RBP
0
55
ssRNA

Anti-RBP
Mitochondrial Q
% "'v

DNA

Macrophage
Epithelial cell
Fibroblast

Barrat, F. J., Crow, M. K. & Ivashkiv, L. B. Nat Immunol 20, 1574-1583 (2019).



IFN — some basics: ‘IFN gene signature’?

gene
IFP35 IFN inducible
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. 15 " tudor rpt ass with PCTAIRE
. 21 17 NMMTRA 1B phospholipid scramblase
14 10 FACL 1 fatty acid coenzyme-A ligase
. 17 12 TRAIL
- 38 2 7’5’ oligoA synthetase E18 isoform
1.5 10 GBP-1 guanylate binding protein 1
. 21 ”i C1-INH CC1 inhibitor
18 “ CD64 rec for Fe fragment of IgG
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15 8 hPD-ECGF end. platelet der. GF1
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Bennett, J Exp Med 2003



Monogenic interferonopathies
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Rodero, M. P. et al. J Exp Med 214, 1547-1555 (2017).

Table 1| Summary of recognized type | interferonopathies

Gene name
(alternative name)

TREX1

RNASEHZA

RNASEH28

RNASEH2C

SAMHD1

ADAR (DRADA)

IFiH1 (MDAS)

DDX58 (RIGT)

TMEM173 (STING)

ISG15

PSMBS

ACPS5 (TRAP)

Inheritance

Autosomal recessive
or autosomal
dominant

Autosomal recessive

Autosomal recessive

Autosomal recessive

Autosomal recessive

Autosomal recessive
or autosomal
dominant

Autosomal dominant

Autosomal dominant

Autosomal dominant

Autosomal recessive

Autosomal recessive

Autosomal recessive

Human phenotypes

AGS, FCL, SLE and RVCL

AGS

AGS and spastic paraparesis

AGS

AGS, FCLand CLL

AGS, DSH, BSN and spastic
paraparesis, as well as CNP

Various
neuroimmunological

and non-neurological
phenotypes, including
AGS, spastic paraparesis,
CNP and SMS

Atypical SMS

SAVI {skin and lung)

MSMD and intracranial
calcification (with seizures
In some cases)

JMPF, NNS, JASL or CANDLE
(fever, contractures,
neutrophilic dermatitis,
lipoatrophy and
panniculitis)

SPENCD, spastic
paraparesis and various

autoimmune phenotypes
(particularly SLE)

Mouse phenotypes

Knockdown: inflammatory
myocarditis with features of
autoimmune activation

Not published

Knockdown: embryonic lethal
and DNA damage response
increased (not obviously IFN
related)

Not published

Knockdown: no obvious
phenotype, but an IFN signature
is observed in some tissues

Knockdown: embryonic lethal
atembryonic day 11.5, also
associated with IFN signature
ENU-induced gain-of-function
mutant has features of type |
IFN-induced lupus-like
autoimmunity

Not reported

Not reported

Viral susceptibility

Essentially normal but with
reduced ability to process
MHC class l-restricted antigens

Osteoclast defect and
disturbance of macrophage
and/or dendritic cell function

Protein function

3'-5" DNA exonuclease

A catalytic component of the
RNase HZ complex that acts on the
RNA portion of RNA-DNA hybrids
and removes ribonuclectides
embedded in DNA

A non-catalytic component of the
RNase HZ complex

A non-catalytic component of the
RNase H2 complex

dNTP triphosphohydrolase
triphosphatase and ribonuclease
activity

Hydrolytic deamination of
adenaosine to inosine in dsRNA

Cytosolic sensor of dsRNA

A 5" -triphosphate and
5-diphosphate dsRNA cytosolic
sensor

An adaptor molecule involved
in transducing cytosolic
DNA-induced signalling to IFN
production

Anegative requlator of type | IFN
production by stabilization of
USP18 (also has secreted activity
in IFNy production)

Part of a multi-subunit protease
complex responsible for requlating
proteolysis in eukaryotic cells

Lysosomal acid phosphatase
activity



Effects of IFN across immune cells and target organs relevant to SLE
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Th cell
Increase IL12R
Thi differentiation

Te cell
Activation
Prevent apoptosis

- @

Differentiation
Antibody production

Monocytes

Differentiation @ &

BAFF upregulation i
. °

NK cell

Enhanced cytotoxicity IFNY

Increased IFNy °

Treg cell
Suppression

Thi7 cell
Differentiation

Dendritic cells
Maturation
Activation

Other cells
Increase autoantigen (5]
expression

Neutrophil
Enhance NET formation

Th cell
Th1 differentiation

B cell
Antigen presentation
Antibody production

Macrophage
Activation

Increase phagocytosis
NO production
Antigen presentation
Differentiation

Dendritic cells
Increase antigen
presentation

NK cell
Enhanced
cytotoxicity

Other cells
Increase autoantigen
expression

+Direct target tissue effects

Constitutional
Skin

Kidney
Brain?

Roénnblom, L. & Leonard, D. Lupus Sci Medicine 6, e000270 (2019).



IFN does not act in isolation...who are the other players?
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Ivashkiv, L. B. & Donlin, L. T. Nat Rev Immunol 14, 36—49 (2014)



B cells: therapeutic opportunities in SLE?

Antibody
humoral immunity [ 1840
identified Identified plasma
1948 — cells as agtibody
Identified ANA producers
by indirect — 1958
immunoflourescence 1964 Defined antibody
affinity maturation
Cooperation of
T and B cells 1968
1970 | Somatic mutation
in light chain variable
monoclonal antibody region
production by hybridoma —— 1975
1986 ——| €D40 Ab production
[] Findings on B cells 1992 —— CD40L was cloned
L] Fndings on SLE BAFF was cloned|—— 1999
[} Phase Il trials
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Nie Y et al Clinical Reviews in Allergy & Immunology (2022) 62:301-323



B cells: therapeutic opportunities in SLE?

Antigen-based
therapies

Block B cell  Cytokine

v
activation blockade ‘4

Antlgen ‘ BC

Type I IEN Autoantlbodles

|\ CD40L CD40

Costimulation

blockade ;
cole | ¢ yil

CD20  Anti-BAFF Proteasome
CcD22 therapy inhibitors

Antibodies against
surface proteins

Ju

Yemil Atisha-Fregoso et al J Clin Invest. 2021;131(12):e149095



TNFSF

TNFRSF

Primary cell targets

A familiar tale... TNF / TNF receptor superfamily.

| -

Cleavable ectodomains

T cells

B cells
Dendritic cells ;
Fibroblasts g

Epithelial cells m

Macrophages

Osteoclasts

. TNF homology domain @ Cysteine-rich domain ¥ Partial cysteine-rich domain I Death domain

Croft M et al Nat Rev Rheumatol. 2017 April ; 13(4): 217-233



BAFF —a TNF superfamily member that exists in various forms...

(a) (b)

alone
BAFF 3-mer BAFF 60-mer
no clash
(c) (d)
+ TACI

important ‘

() +belimumab (g) clash

Eslami M et al Current Opinion in Immunology 2021, 71:75-80



BAFF — the intricacies of a complex system

Myelold cell

¢ ‘ . }Funn protease

Membrane-bound Soluble Soluble
BAFF 1 APRIL

Py W

plasmablasts
and plasma
Neuron Immature B cell Plasma cell T-cell-independent cells
outgrowth survival and survival antibody responses
Neurons and (HAEon . B Cf-zllhregulatlop _
astrocytes ass-switch recombination

Vincent, F. B. et al. Nat. Rev. Rheumatol. 10, 365—-373 (2014);



BAFF — and in several forms what does it do...?

Pathogenic signals in SLE
A

APRIL 3-mer

“ TWE-PRIL
|

...............................................................................

Induced proliferation of B-cell
and T-cell lymphoma cell lines

Vincent, F. B. et al. Nat. Rev. Rheumatol. 10, 365—-373 (2014);



BAFF — potential effector function in SLE?

Damage accrual

| Disease flare \

Short disease duration
Younger age

I Renal involvement

Disease activity

BAFF — effector
function in SLE?

Haematological
Muskoloskeletal
Skin involvement

I Auto-Ab production

- I Subclinical
atherosclerosis

NP involvement (7)

Mockel T et al Autoimmunity Reviews 20 (2021) 102736



PsA

AS

The IL-17 cytokine superfamily

g L-17A i IL-17F i CIL17RA L IL23R L IR i, L1128 i IL-1R2 g

rs2275913

rs2275913

rs763780

rsT63780

rs4819554

rs1004819°
rs12141575
rs10889677"
rs1495965°
rs6677188¢
rs220181
rs22018412
rs11805303
rs11578380¢
re924080°
rs11209032°
rs1735018
rs76418789

rs1884444
rs11209026*
rs924080°
rs114658042
rs1343151°
rs11578380°
rs104806294
rs11465817
rs6G7 7188
rs6693831
rs7517847"

rsd4129267

rs6871626 rs2310173°
rs6556416

McGonagle DG, et al. Ann Rheum Dis 2019;78:1167-1178



The IL-17 cytokine superfamily

IL-23 IL-23

IL-23R b IL-23R b
f!'h: |

N\ = Brodalumab
S N

@0 IL17F OO @® IL17F

L17A o9 iwi7ar VA @@ IL17AF

N/

\\

Secukinumab
Ixekizumab

" IL-17R IL-17R

McGeachy M et al DG, et al. Immunity 50, April 16, 2019



The IL-17 cytokine superfamily - two edged sword...

Health ! Disease
1
: Neurodegeneration
: Depression?
= Autism?
Wound healing Chronic inflammation
Epithelial proliferation | Pathogenic tissue remodeling
Barrier function : Tumorigenesis
ECM remodeling | Bone erosion

li dn : i i
Metabolism . g Obesity-associated
Thermogenesis ,

i :
Adipose regulation inflammation

Microbiota homeostasis [
Inflammation to combat
infection

Autoimmune inflammation

McGeachy M et al DG, et al. Immunity 50, April 16, 2019



The IL-17 cytokine superfamily —role in SLE...?

IL-17

- &
N

¥
]

immune cells epithelial cells

!

~ SLE
CD4Tecell

* * * .‘o::‘::
‘iY,( i
autoantibodies inflammatory

production cytokines

v 4

Tissue injury in target organs
(skin, brain, kidney, etc.)

Koga T, Ichinose K, Kawakami A and Tsokos GC (2021) Front. Immunol. 11:624971. doi: 10.3389/fimmu.2020.624971



JAK family: beautiful molecules in a fabulous system

JAK1

1. O'Shea JJ et al. Ann Rev Med 2015;66:311-28; 2. Velasquez NLA & Boggon TJ. Curr Drug Targets 2011;12;546-55

Figures from: Pleiotrope (own work), Public Domain, https://commons.wikimedia.org/w/index.php?curid=15989155;

Emw (own work), CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=8820186;

Emw (own work), CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=8820187;

JAK, janus kinase; TYK, tyrosine kinase Pleiotrope (own work), Public Domain, https://commons.wikimedia.org/w/index.php?curid=15989149



JAK modulation — diverse functions across a range of SLE related cytokines...

Type | cytokine receptors Type Il cytokine receptors
| 1 I 1
© L = Type linterf
Interleukins (IL-2, IL-4, 00 @ +GM-CSF e (0.0, IFNat IFNB) o Iy ®
IL 7O.IL09, IL-15 and IL-21) = IL-6 o @ * Erythropoietin 0. * :TJPI%P:‘LI(I;(; g °® Tofacitinib34
° ° -10, IL-20, IL- Bl
® ® © 04 andil-26) *  Small-molecule pan-JAK inhibitor

*  Oral dosing with or without MTX

Baricitinib®
<4¢=mmmmms  Small-molecule JAK 1/2 inhibitor
*  Oral dosing with or without MTX

T = = Erythropoiesis : - =
* Lymphocyte * |-ce * Myelopolesis » Innate . . . s o
proliteration STAT3 differentiation STATS RS lelet antiviral Igotinib®"and uPadaCItm_lb o
and « Inflammation production defense *  Small-molecule selective JAK1 inhibitors

homeostasis

*  Oral dosing with
or without MTX w =

Transcription

1. Westhovens R et al. Ann Rheum Dis 2017;76:998-1008; 2. Winthrop KL et al. Nat Rev Rheumatol 2017;13:234-43;
3. Fleischmann R et al. Lancet 2017;390:457—66; 4. Fleischmann R et al. New Engl J Med 2012;367:495-507;
5. Fleischmann R et al. Arthritis Rheumatol 2017;69:506—17; 6. Kavanaugh A et al. Ann Rheum Dis 2017;76:1009-19;
JAK, janus kinase; MTX, methotrexate; STAT, signal transducers and activators of transcription 7.Voss J. Arthritis Rheumatol 2013;65(Suppl10):2374. 35



To understand the contribution(s) of distinct mediators...

« Major mediators in the patho-immune responses (the actors)

* Intrinsic Cellular regulators
* Checkpoint regulation (CD40/CD40L)
« Calcineurin dependent



Molecular basis for CNI in SLE?

Ponticelli C et al al J. Clin. Med. 2021, 10, 4832



Effector role for CNI in SLE?

Podocyte

-~
-
-~
-
-

—

Do

Decreased Increased transcription S¥YN Synaptopodin destruction,

transcription of IL-2, TNF-a, others and destabilization of podocyte

of IL-2, TNF-q, increased T-cell-mediated cytoskeletal structure and
others responses increased proteinuria

Stabilization of
podocyte cytoskeletal

structure and
decreased proteinuria
Decreased

T-cell-mediated
responses

Teun van Gelder, et al (2022): Expert Review of Clinical Pharmacology, DOI: 10.1080/17512433.2022.2092470



Checkpoints in SLE?

/ B cell \ / T cell \
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Stefanski & Dorner T Curr Opin Rheumatol 2021, 33:592 — 597



« OX40
+ DR3
«CD27
« GITR
*4-1BB

A pivotal role for the CD40
pathway in SLE

CDa0

s Activation
* Proliferation

Survival

67 ) Autoreactive 4
* OX40  Autoreactive TorT,17 @ » OX40
«CD2/ Tey cells .
cells DR3
= 4-1BB * CD27
« CDAY S
y
*iL12 ® g *IFNy ‘@
e & e ©
e |L-1 ° s |L-22 @

Upreqgulation Induction
of pathogenic of pathogenic
cytokines cytokines

Survival

Production of

Croft M et al Nat Rev Rheumatol. 2017 April ; 13(4): 217-233 ot pcle:



To understand the contribution(s) of distinct mediators...

« Pathogenesis in tissues (the venues & screen sets)
 All tissues are not created identical



SLE is clinically heterogeneous — so too its immunology?

ﬂllnlcal
heterogeneity
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Allen M et al Trends in Molecular Medicine, February 2021, https://doi.org/10.1016/].molmed.2020.09.009



SLE is clinically heterogeneous — towards immunologic precision?

One (oligo)-target approach
Targeting key nodes of immune activation

Multiple faces of systemic lupus erythematosus

AEEE

Multitarget therapy
= Simultaneous inhibition (ie, ustekinumab, baricitinib)
« Sequential (ie, rituximab followed by belimumab) or combination therapy

Individual patient(omics)-tailored therapy
Profile consisting of:

« Genome

» Epigenetics

» Transcriptome

* Proteome

* Immunome

Examples of personalised therapy

.

' —» Monotherapy-A n

|i| —» Multitarget therapy 'n
or monotherapy-B

[

rnll —» Sequential therapy C-D

—»  Multitarget therapy-E

—» Monotherapy-F

— Multitarget therapy-G

Dorner T & Furie R. Lancet Vol 393 June 8, 2019




No consensus on James Bond either...

<4 IMDb Polls

Poll: Your favorite Bond actor

A poll by ChihirD

Who's your favorite actor who played James Bond? Discuss the list

Results of 2,376 votes:

Sean Connery

Daniel Craig

. Pierce Brosnan

433J

https://www.imdb.com/poll/TUbLpUvRmyo/results?ref =po_sr





