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Introduction
The early days of autoimmunity

- 1940s - Concept of immunological self versus non-self Q
first proposed

Paul Ehrlich theories - “Horror autotoxicus”

-« 1948 - Discovery of the Lupus Erythematosus (LE) cell
phenomenon by Hargraves et al

+ 1950s-1960s - Renaissance of interest in autoimmunity
and in the mechanisms of regulation of tolerance
1957 - Holborow et al. - ANA with IIF, anti-dsDNA antibodies
1959 - Extractable nuclear antigens (ENAS)
1966 - Discovery of anti-Sm antibodies

- Clinical immunologists and immunology laboratories
are the “"James Bond of medical researchers”
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cell phenomenon
The identification of new
anti-DNA antibodies biomarkers together with

novel multianalyte
platforms will help close

1948 1950s 1957 1960s 1966 1970s Mid-1970s 1980s 2010 2015 2019 2022

the “seronegative gap” and
improve diagnosis and
management of patients
with SARDs

Position
ICAP: statement of the

Harmonization of ACR, and EULAR:
Hep-2 pattern ANA HEp-2 IIF
nomenclature

gold standard

Position

f
statemento 2019 EULAR/ACR

classification
criteria for SLE

the ACR: ANA
HEp-2 IIF gold
standard

> No single technique can correctly identify all patients with ANA associated SARDs, so it is essential to combine the results obtained
by various techniques to provide the most clinically valuable information
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Primary care
Pneumology
Internal medicine Oncology

Rheumatology Nephrology Neurology

Immunology Gastroenterology Cardiology
Dermatology
Gynecology...

1950s
2020s

Pre-test probability

Testing technologies and platforms
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Historical overview - Technologies .
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« The antigens are central to autoantibody detection and assay development
« Design, source, expression, purification - Folding, conformation and epitope
exposure and recognition for antibody binding
« Direct impact in assay performance (sensitivity and specificity, stability, etc)

,, e Cellular location - solubility

Epitope mapping; linear vs conformational epitopes >

Autoantibody
Full length vs truncated proteins or peptides

, ° we: ” 3
Antigen | AN Simple” proteins vs complexes
SANNC 1
2R, (8

. )
i
y s Vo N\ /-
b
)

"\ « Antigen immobilization onto solid phase — slides, beads, etc
— requires robust and targeted conjugation strategies
« Each platform presents with unique limitations and challenges
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The past
Immunodiffusion

1948 - Ouchterlony (Double immunodiffusion) 1965 - Radial immunodiffusion (RID) assay

- Based on precipitation of ab/ag interaction - Original method qualitative, 2" Generation
Antigen (A) and antisera (1-5) in a gel (semi)-quantitative
Antibodies and antigen diffuse through the gel, Antiserum _+ a.ga.r _ _
causing a precipitin arc to form at the zone of - Ag solutions in increasing concentrations (1-4)
equivalence « Ag solution of an unknown concentration (5)

y

unknown
concentration

(Zone of Precipitation
Diameter)?

precipitin arc antigen well precipitin arc antibody agar ' 10

Concentration of Antigen
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The past (present and future)
Indirect immunofluorescence (IIF, IFA)

1957 - Anti-nuclear antibodies on HEp-2 cells
(Coons, Miescher, Friou)

Fluorophore / Enzyme

Secondary antibody

Primary antibody

Indirect
immunofluorescence assay
DOI: 10.3384/diss.diva-170740

W otnostcs

 NOVA View'

Acta Allergologica, 1963, XVIII, 489-494

From the Courtauld Institute of Biochemistry, Middlesex Hospital
Medical School, London W. 1.

METHODS FOR THE DETECTION OF
AUTO-ANTIBODIES

By

G. TORRIGIANI

Although the concept of auto-immunisation is by no means
new in the history of medicine (as early as 1900, Metalnikoff
had shown that guinea pigs, when injected with homologous
spermatozoa formed antibodies capable of reacting even with
their own spermatozoa), nevertheless it is only in recent years
that extensive rescarch has been carried out in this field.

The methods used to reveal the presence of auto-antibodies
consist in the main of precipitation, agglutination, complement
fixation reactions and immunofluorescence.

PRECIPITATION REACTIONS

The precipitin reactions were those first used by Roitt et al.
in detecting antithyroglobulin antibodies. Although they are
not very sensitive, they continue to be used because they are
very easy to conduct.

It is possible to perform this reaction by bringing the an-
tigen and the serum containing the antibodies into contact in
small test tubes and studying the precipitation which occurs at
the liquid-liquid interphase. However, best results are ob-
tained when the antigen-antibody contact occurs in an agar gel.
In this case, there is an casily perceptible precipitate.

In performing these gel reactions, it is possible to use either
the Oudin method in which the reaction takes place in test
tubes or the Ouchterlony method, in which the reaction occurs

't
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The past (present and future)
Indirect immunofluorescence (IIF, IFA)

2025

HEp-2 cell patterns

' Cytoplasmic

Shown only in
selected slides

[

Competent-level
| Expert-level report

| © |Metaphase plate is stained

https://anapatterns.org/trees.php 13
Reference materials available at www.AutoAb.org

*Classification tree updated February 2025
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INDIRECT IMMUNOFLUORESCENCE (IIF, IFA)

Variety and number of autoantigens (>100)

Screening and confirmatory tool

Discovery tool for novel autoantibodies

Useful for a spectrum of autoimmune diseases

Automation tools (slides processing and loading, image acquisition)

Subjectivity; poor standardization and harmonization

Labor intensive; requires training and expertise

Low sensitivity for certain clinically important
autoantibodies, especially antigens with low local density
(i.e.: anti-Ro, some MSA, ribosomal P)

Although patterns are indicative for some aabs, few
patterns are very specific (e.g. centromere)
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The present

Immunoprecipitation (IP)

- Incubation of cellular extracts with patient sample
leads to precipitation of proteins or protein
complexes (including RNA)

- Detects antibodies to many antigens

« Highly specific - Still considered ‘gold standard’ for
several autoantibodies

- Limitations
* No standardization of protocol
- No comparison data available
No regulatory clearance (LDT)

bridging antibady
S
Protein A/Protein G
affinity media
1
rect IP "

8] s
protein target
- Indi
- Starting Sample /ﬁ.neu Complex
. —awon
. Bridging antibody
»
N Protein A/Frotein G
affinity media

Direct IP
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Membrane-based assays

+ Western blot (WB) using HEp-2 or HelLa extracts
or purified antigens often used in research and
were also commercialized (mostly replaced by LIA)

+ Several Line immunoassays (LIA) developed and
commercially available for autoantibodies detection

+ Automation and semi-quantitative solutions

« Today, commonly used for myositis, SSc and
autoimmune liver disease testing
k:
-9
aynody \_’ antibody D Jl
tigy b dded
- - — 1000060
\ 4 \ 4
x:"’f:"“'“sle Different autoantigens
Antigen is bound Primary antibody Secondary antibody ubstrate an ne
o membrane. to the antigen is with enzyme conjugate interactios al olor
added. 2 is added. 5 change
- y D R . ‘
-_ . Contral
Cathode (-) ->\\:\i\ :;ZZ:::’Y \ o
the prots W
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|

Cc to
rotein
of interest
filter paper -
gel \ PREZ ] N
nitrocellulose Control
membrane * [4 Y\ S $ 0000000 || = = lmeshows ing
------ | assay

filter paper \
‘anode (+) membrane labeled antibodies
(with transferred  bind to the first set
*“If proteins are hydrophobic, proteins) of antibodies
use PVDF membrane instead. 17
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Solid-phase single-analyte assays

$

Enzyme Linked Immunosorbent Assay (ELISA)
Fluorescence enzyme immunoassay (FEIA)

%’i Chemiluminescent immunoassay (CIA)

Conjugated <
antibody —
’%Autoantibody o] ©] .
(@) Q ) @)
® o "
©) Q| .
¢ Autoantigen
Substrate or i S|
OXidiZing agent * Colorimetric (ELISA, blot) °
* * Fluorescent (FEAI) o
* * Chemiluminescent (CIA)

Enzime (ELISA, FEIA, s\% ¢

\
blot), chemiluminescent
compound (CIA)
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Detection and quantification of antigen
specific autoantibodies

Increased sensitivity and
compared to LIA

specificity

Less subjective than IP

Higher throughput compared to IP, can
be automated

Quantitative or semi-quantitative, can
follow titers

Antigen conformation and
exposure on the solid phase

epitope

18
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The present
Cell-based assays (CBASs)

- Based on IIF protocols using cells that are transfected with cDNA of a specific antigen that is
subsequently over expressed - Transfected cells = IIF substrate

- Advantages: in vivo expression, conformational epitopes, no antigen purification requirements,
and flexibility in the choice of antigen expressed

- Limitations: resource-intensive, expression, standardization and harmonization...

«  Multiplexing - cellular arrays FITC labelled
o ] ] ] Secondary antibody
« Limited use (neuroimmunological diseases) A

—— — - | >
/’i’i”‘::‘ >S5
Q: /
YY"
DNA coding DNA cloned into Transfected cells Sample with antigen Immunofluorescence
sequence plasmid vector express antigen specific antibodies Microscopy
of antigen and cells | J 19
transfected | | FT
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Most autoimmune diseases are characterized by multiple antibodies which triggered the desire
to measure multiple autoantibodies at the same time
Infectious disease: One marker, one disease
: Many markers, one syndrome (SLE: >180 autoab)
Need for multi-analyte testing in AID dates to the early days; challenged by lack of automation

Significant interest increase associated to patient stratification and precision medicine

Multi analyte
Increased use of - Precision Medicine
profiles (e.g. myositis) /!
l ,»"J........ .I'- ,"
// ,
automation
Reimbursement Manufacturing

challenges of MAT

Single analyte
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The present
Multi-analyte assays

- Two very different concepts (planar vs. particle-based arrays)

Planar arrays

96 Well 10-Spot

@ o6 bead- halo
® T62bead + halo
@ Reference

o000
o000

Esophagus

tissue

DD ® D
&
@D ® D,

[ Y—
@ Reference

Particle-based arrays

Bead Set 12

SISO T " " I

288 ANNALS NEW YORK ACADEMY OF SCIENCES

Determination of ANA Specificity Using the
UltraPlex™ Platform

JODIE SMITH, DAVID ONLEY, CAROLINE GAREY, STUART CROWTHER,
NICHOLAS CAHIR. ADAM JOHANSON, SIANIE PAINTER,
GRANT HARRADENCE, RICARDO DAVIS, AND PETER SWARBRICK

Cambridge CB2 4AT, United Kingdom

SUONENUEILO) BAQ PAJELUI INBIUN OT

5 Bead Technologies Limited, Baby

Flow Cytometry-Basad Analysis — Traditional xMAP Technology (Bio-Plex 200, Bio-Plex 3D Systems)

10Unique Red Dye Concentrations.

S

#
Interrogate label with

green laser (525 nm)

>

NAAAAE
VAWV

Interrogate bead with >
red laser (635 nm)

Sheath fluid

Quantify binding events
(Detect reporter)

Identify bead region
based on internal
dye concentrations
(Detect dye ratio)

FIGURE 1. Electron micrograph showing aluminum nLED/Image-Based Analysis — New xMAP Technology (Bio-Plex MAGPIX System)

e
|

release (original magnification: X67; figure reduced to 40%)

Immobilized beads in chamber

W

Interrogate label with
green LED (525 nm)
(Detect reporter)

Identify and quantify
with CCD imager
(Detect dye ratio)

Interrogate bead with
red LED (635 nm)
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PLANAR ARRAYS —_—
JOURNAL OF
One of first studies describing microarray on membranes > | s

1994 : semi-quantitative assay for the detection of IgG

antibodies to 42 a ntlgens A rapid and semi-quantitative method for the detection
of autoantibodies by multiple spot immunoassay

Bo Baslund *, Jorgen Wieslander

@ Second antibody
5 Department of Autoimmune Serology, Statens Seruminstitute, Artillerivej 5, DK-2300 Copernhagen, Denmark
with fluorophore . . ,
¢ (Received 21 June 1993, revised received 31 August 1993, accepted 12 October 1993)
/\
. AN
Primary N J 2
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:
J; o o
E

sz
L
B o
o

- -—_a- *
l””““““”“““‘ 4.‘,.;«-‘5.’."‘E & ot

Each array bears 128 proteins
(124 autoantigens and 4 controls)
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T
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PLANAR ARRAYS

Proteomics technologies for autoantibody profiling: selected published studies

Anfgens Estmated
tesbid n capacity
System Assay format Detection citation(s] per amay Comments Reference
Antigen micro amays Robotic attachment of antigens in Secondary antibody; 18 5000+ Demaonsate sengitve and specific [16]
ondered arrays on membranes and chemiummes conce detection of mdcantbo dwes m
dervatized microscope shides serum on planar amays
Protein microanmays Robotic attachment of antigens in Direct kabeling of samples 115 10,0004 Comparative anglysis requires [7]
ondered arays on dervateed with fuorescent ma i fuores cont labelng of mdnacual
microscope shdes for comparative analysis samples; 50% of antigens detecied
Antigen micro arays Robotic attachment of antigens on Secondary antibody; 196 10,0004 Detection of avtcantbodies [17]
dervatized microacope shdea fuorescence; comparatve characteriatc of eight avtcemmune
anakyais with direct rheumatic diseases, inchuding
fluoresecent labeling of samples autcantibodes againat profeina,
peplides, nucleic acids, and
macromobecular complexes
Bead microarays (LabMAF™;  Antigens conjugaled 10 sets of Fluoreacence; analysis of 16 B4 per well, Fluid-phase; commercia [a5]
cytometne bead aray) spectally resclvable fuorescent beads ncinvichual beads wsng a flow S000+ per development by Lurminesx,
eylomeater f6-wel plate and Becton=Deckinaon
Nanobarcodes™ paricle Atachment of antigens 1o addressable Light micrescopy; 2 BO,000 waing Fluic-phase; Commercia [8]
technology multemetal micronod s encoded with flucrescence; masa theee disfinct development by SurroMed
er metal siripes spectrometry metals
Arrayed proteins from cONA Expression and punfication of C homlumines conos 4800 10,0004 Perlorming avtoantigen dscovery | [13,14]
expresson Roranies polypeptides encoded in a cONA bactenal expression of autcantigens
wapression lorary i microtiter plates, dons not confer post-translationa
followed by robobc atlachment to modifications
PVDF i
Protean in sity aray Protesn array generated in S using Colonmatnic 15 BE por plate Probably kess robust than other systems  [36]
PCR and & cell-fee transcripbon/
franslafion expreasion system
Photolithograp hy-generated in sifu aynthesais of peptides by Fluoreacence 10,0004 Linear peptide epitopes only; not [4]
popite arays photolthography wnckir actne development
Microamays of colls Robobe prntng of cOMNA m expréssion Fhuorescence 192 10,0004 Mammakan exprisssn system conters [9]
expressng defined cONAs werlors on shiles followed by ncubation caran post-ranslational modifications
with adhirent mammakan colls
Proten arays of lving Robotic delivery of yeast transformants ‘Colonmetnc 6000 Perfonmed in Arrays of yeast expressing fusion [10]
transformants; modibed expressing yeas! open reading frames 384-wel pratens
yeaat tworhybnid screen fused to an acivating domain microtier plates
Line mmuncassay’ Bectrophoresia of anfigens and transfer  Chemiuminescense 15 <560 Mot high- throughput; comm ercial [12]
1o nitrocelulos ¢ membranes [westem development by lnnogenetics
blot of purified antigena)
Unéversal protein aray’ Dotblots of pusified antigens on Secondary antibody, 48 <200 Requires large quantities of purified [11]
nirocelulose membranes radioactvity antigen and serum samples
Lab-on-a-chip’, microfudics IO weds. eiched in solid supports; Fluorescence; LV light Lamited LY Fluid-phase assay; kow-affinity binding [a7]
wlecroknetc, elecro-osmobe, absorpon detectable; knetics can be calculated,;
elecrophoretic, or pressue-driven flow commencial development by Caliper,
Ackara, and Fhecdgm
Peptides on pns (Multpn™) in sifu synthesss of peptides on C aloremetenc =1} 86 por plate Lnear epriopes only; sinp and reuse [1.2]

polyetiylene pins

peplides on pins for subsequent
expenments

N/A, not applicable; PCR, polymerase chain reaction; PVDF, polyvinylidene difleoride. For manufacturer detalls, please see text.

The ‘CTD’ array

48-feature collage derived from a
1536-feature '‘CTD’ array probed
with serum from an SLE patient
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PLANAR ARRAYS

Hype from DNA microarrays (chips) and the promise from research
triggered commercial attempts for planar arrays for autoantibodies

Several companies have developed or launched planar arrays, but so far
no mainstream adoption

Either lack of automation of manufacturing challenges have tempered
the success

BlueDiver Quantrix Features Exemples of Interpretation The New Dimension in
Autoimmune Testing

' ' I ' B 00 immuno conce pts.
& & [ mKrozyme

Sample control s

|l I NIE V| .

Coated antigens +

_ Calibration curve
with blank measurement i

] gm'l]jugale contm{s D i
| Substrate controls [ ) .
£~ Sample control ) i ‘< , P e
Positive Negative » @‘

Patient Patient = merosme: ouaeuamm es sysem
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The

present

Multi-analyte assays

PARTICLE-BASED ASSAYS

Luminex technologies

- XMAP - Dallas, 1994: family, friends and tacos
- 1st described scientifically in 1998

- Recognition of colors of particles real time

IL-9
AU A A A AL
J /\'; AW RN AW
J J J J ‘A A A
-
- 36
IL-1p
2]
92 )

\

S

L \'."'\o._..L
VUVUVE k

L A \d;\

L A A

8

Luminex Bead Spectrum

Bead Set 21

Bead Set 26

Luminex Assay Principle

- Analyte
°* °
The bead is s 0° @ :
@ s . ¢
mixture \\
S5 s
°, o, . ﬂ) \‘.)‘
IL-6 Y \ﬁ 5
j Luminex detection N}
system Q
v Protein
J . Flow Cytometry—Based Analysis
J ) N\t ° Interrogate label
" - ® - with green laser —» =
< Bead e - (525 nm)
TNFa o
- . " i Interrogate
- > 5 bead withred — %
{ g Detector
= antibody ™ laser(635 nm)
LA Sheath Fluid
4 ©
w )
o Repiyoosryiiin https://www.rndsystems.com/what-luminex-

Multi analyte testing in autoimmunity:

(RPE)

Capture
Antibody

y/ﬂ
Luminex
Bead

——p Quantify binding
events

Identify bead region
based on internal dye
concentrations

assay?gclid=CjOKCQjwtIKgBhCaARIsAN yS kVaUaV7w1lAkcrTHhbR8cdFVTF306vi6NoRVEIYG

if-OMy-e4hQmhMaAgndEALW wcB&gclsrc=aw.ds

From early days to modern technologies
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The present
Multi-analyte assays

PARTICLE-BASED ASSAYS

First, Luminex 100/200 were developed, later Luminex
MagPix and FlexMAP

QUANTA Plex (Inova Diagnostics) was first FDA cleared oo
Luminex (XxMAP) product (in 2001)

Several similar products followed
AtheNA (Zeus Scientific)
FIDIS (BMD) (ALBIA)

Analytical unit of Luminex 100 became core of
the BioPLex 2200

Widely used on clinical routine for
autoantibodies for (ANA, ANCA, Celiac Disease, -

t

A PS ) XMAP INTELLIFLEX DR- XMAP INTELLIFLEX System FLEXMAP 3D System Luminex 200 System
SE System

26
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The present
Multi-analyte assays
PARTICLE-BASED ASSAYS (ALBIA, PMAT)

Addressable laser bead Deteccion by flow
immunoassays (ALBIA) cytometry (ALBIA)

___ Conjugated
antibody

Autoantibody 1

Autoantibod;_z E— s
X o l

T 90 o O |

. :
(
o l ® o o)
\ 4 Detection by digital
s /9\\ ___/‘ @ ’ camera (PMAT)
Autoantigen 1 @ @ °®
Autoantigen 2 Autoaritigen 3

Different beads (ALBIA) or particles (PMAT) with a unique
intrinsic fluorescent signal (ALBIA) or signature (PMAT)

Particle-based multi-analyte
technology (PMAT)

27
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The future is here
Towards precision medicine in autoimmunity

Patient Stratification

Treatment

]

Prediction Diagnosis
@ Q

Paradigm shift in the use of biomarkers

Multi analyte testing in autoimmunity: From early days to modern technologies
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The future is here
Autoantibody profiling — Prediction and early diagnosis

A

Patients with Positive Test

Autoantibodies precede disease onset, clinical symptoms and diagnosis

Diagnosis

100+

80
60
40—
— ANA Anti-dsDNA
204 — Anti-Ro — Anti-Sm
= — Anti-La —— Anti-nRNP
— — APL
0 I I I I | I I I I |
-5 -4 -3 -2 -1 0 1 2 3 4 5
Time (yr)

Multi analyte testing in autoimmunity:

From early days to modern technologies

SLE
¢ ANA, anti-Sm and
anti-dsDNA antibodies

* Lupus nephritis and
é Early SLE Cytopenia
T * ANA, anti-dsDNA and
© anti-Sm antibodies
3w * Malar rash /
- C
5.0
5 & | Preclinical autoimmunity Stable
8.3 | *ANAandanti-ENA UCTD
= antibodies (e.qg., anti-SSA/Ro) |
g 2 | *Noovertclinical signs or
25 symptoms
c .2
®©c
o ° Other CTD
8 UCTD * ANA and anti-Scl70
E « ANAand anti-SSA/Ro antibodies
z antibodies * Arthralgia, Raynaud

* Arthralgia and Raynaud phenomenon and
phenomenon sclerodactyly
Time ——

‘At-risk’ of CTD

Genetic and environmental factors have
been associated with the risk of developing
a CTD (e.g., complement gene variants,
HLA haplotypes and infections)

31
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« Autoantibody profiling (>30) has the potential to improve early diagnosis of ANA associated
rheumatic disease (AARD) — UCTD / early SLE

0 th NIVERSITA MCT D (25103 %)
montns
Inclusion criteria: I TORINO SjS/SLE (1’ 0'52%3_
a) Patients with clinical Screening and
symptoms evocative of a selection of patients
connective tissue disease,
with at least one of the presenting at our
following:
1- Joint involvement center
2. Raynaud Phenomenon
3. Skin Involvement (from 2015 to 2020) f0a £
N =194 SLE (94, 48.45%)
b) Confirmed antinuclear - SLE (54, 27.84%)
antibodies positive testing
Patients at time of first visit did no fullfill the criteria of definite connective tissue
disease and were tested for anti-double stranded DNA antibodies and dived in two
separed groups and followed-up for three years
UCTD. (66, 34.02)
[~ ] Q—F Anti-dsDNA testing +—b +
UGTD (140, 72.16%)
SSc (19; 9:79%)
e . . 3-6 months l
Patients with Patients with early Systemic
Undifferentiated Connective Lupus Erythematosus ) )
tissue disease (n= 140) (n=54) sisi(er4:12%) Il
v 36 months ARV (4721065 I
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The future is here

Autoantibody profiling — Prediction and early diagnosis

« Enlarged antibody profiles have a higher 100
diagnostic efficiency than that of individual

antibodies

« The probability of disease
multiple positive autoantibodies

Disease probability according to multiple

antibody presence

Autoantibody combination

Probability (%)

SLE  dsDNA alone
dsDNA+Sm
dsDNA+Sm+ U,RNP
dsDNA+Sm+ U,RNP+Ro60
dsDNA+5m+ U,RNP+Ro60+-Rib P
dsDNA+5m+ U,RNP+Ro60+-Rib P+Ro52

Multi analyte testing in autoimmunity: From early days to modern technologies

423
52.1
96.9
996
998
100

increases with

Sensitivity

80

)]
o

o
o

20

FIRMA (Interdisciplinary Forum for the
Research on Autoimmune Diseases)

dsDNA
dsDNA + U1RNP
dsDNA + U1RNP + Ro60

— Model1
— Model2

— Model3

— Model1
— Model2
— Model3

20 40 60 80 100
100-Specificity
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The fUtu e |S here _ L _ FIRMA (Interdisciplinary Forum for the
Autoantibody profiling — Patient stratification  Research on Autoimmune Diseases)

FIRMA STUDY - CTD A

- Extended autoantibody profiling (n=29) allowed an accurate *
classification of CTD patients, independently of clinical features Flad

- Clustering according to autoantibody levels

Disease distribution in Clusters - Hierarchical

identifies clusters of CTD subjects with ==
similar clinical features, independently of s =
their final diagnosis. - || c
450 g
[ : CTD ESSENTIAL i
e ‘: Centro 4001 %
5 dsDNA UIRNP  Sm  Ro52 RoB0 La  Scl70 Jo-l DFS70 Ribo-P ¢ |
mum %350
SLE (166) 584 | 416 | 145|303 545 26 18 0 0 48 1 éaoo- E.
SSc (133) 53 | 76 0 136 174 23 M1 0 508 76 0  E, |
pss (279) 80 91 | 04 669 695 495 29 | 0 25 29 18 | -
1IM (103) 28 | 66 | 0 | 245 132 47 19 245 57 | 27 | 0 -

TSIt 184 | 184 | 10 | 243 | 398 136 29 | 19 | 35 | 19 48 |

Anti-Ro52 titre (AU/mI)

WG] 63 | 20 | 02 | 15 | 52 | 13 | 24 | 02 | L6 | 33 | 11
\Specificity (%) | 937 98 | 100 | 985 | 95 987 976 | 100 974 | 967 989 &

Cluster 1 Cluster 2 Cluster 3 Cluster 4
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The future is here
Autoantibody profiling — Patient stratification

- The field of rheumatology is poised to categorize systemic autoinflammatory diseases
based on measurable and quantifiable molecular signatures

,_ﬂ w ﬁ w @ W ﬁ

3¢ Primary 5jogren MCTD Primary ucTb

syndrome APS
_ ; Data-driven
. , Patient TS — analyses to define
sample testing

patient subgroups

Undefined

Autoantibodies Lymphoid e

Inflammatory Interferon
36
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The future is here
Autoantibody profiling — Patient stratification

« Large, well-characterized cohort of SLE patients with a longitudinal and ML approach

« Comprehensive panel of autoantibodies (20 autoantibodies and 29 ANA pattern interpretations)

« HEp-2; aCL and B2GP1 IgG and IgG, anti-PS/PT IgG and IgM; anti-dsDNA IgG, anti-B2GP1-domain 1
IgG, anti-DFS70 IgG; RiboP, Ro52, SSA/Ro60, SSB/La, Sm, U1RNP, Jo-1, centromere B, PCNA and
histones

« Four distinct _serolog_ical clusters _ 40 - . Cluster 1 (n=137)
(endotypes) in the first 5 years of disease W Cluster 2 (n=377)

« Associated with demographic and 20 - ' Cluster 3 (n=79)

clinical features (age of onset, 'g ,Z,ﬁt s ol I cluster 4 (n=212)
race/ethnicity, BMI) = AL ,'ﬁ s oot fee U —"

¢ .o L] o v B P

. Predictive of disease activity, organ = 2 o | ',‘-».:.":;L‘s“ I eV 3

involvement and treatment course Y D™ ,t_i,.‘;' "_':".3‘1 iy
at 10 years of follow-up, and mortality —20 - ’ :.-;-}:' o ; .:H Y,

W Ve o

I'~..
—40 - | | |
-20 0 20 °®
t-SNE dim 1
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DISEASE MCTD SSc IIM SjS AAV RA SLE
ILD prevalence 56% 47% 41% 17% 13% 11% 6%
RNP Scl70 tRNA Ro52 (SSA) PR3-ANCA RF dsDNA
U1RNP Centromere synthetases Ro60 (SSA) MPO-ANCA CCP Ro52 (SSA)
ANTIBODIES RNA pol III (Jo-1, PL-7, La (SSB) Ro60 (SSA)
PL-12, EJ, OJ, La (SSB)
Ha, Zo, KS...) Sm
MDAS RNP
Mi2, NXP2,
TIF1-g, SRP,
HMGCR, SAE
Ro52 (SSA)
La (SSB)
PM/Scl
U1RNP
Th/To
Fibrillarin

Ku
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ACR 2023 ILD Screening Guidelines

“"There is a need for an improved understanding of risk factors,
including expanded autoantibody profiling, to inform ILD
screening and monitoring.

Together, radiographic patterns, autoantibody profiles, and/or
other features may allow for the development of specific screening
and monitoring recommendations for subsets of patients with
SARD-ILD.”
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The future is here
Al in autoimmunity

AVISE Lupus (Exagen, LDT)

« 10-marker diagnostic test designhed to aid
healthcare providers in a timely diagnosis of
patients suspected of SLE

AVISE Lupus E

Powered by CB-CAPs Technology

agen’

Patient Focused. Discovery Driven.

AVISE® Lupus is the only lupus test that incorporates Cell-Bound Complement Activation Products (CB-
CAPs) assays which have been shown to have higher sensitivity for diagnosing SLE than C3/C4 levels.

= 22% greater sensitivity than C3/C4
—  33% greater sensitivity than anti-dsDNA

—  52% greater sensitivity than anti-Smith

This proprietary test also allows for the efficient measurement of essential markers simultaneously and has
the opportunity to reduce inconsistencies in diagnostic workups and standardize test results.

AVISE Lupus has the potential to improve the diagnostic landscape for SLE by:

= Improving accuracy by using assays with greater sensitivity and specificity

— Standardizing diagnostic approach through conducting tests simultaneously and combining results into

asingle index score

= Allowing for earlier diagnosis and thus mitigating downstream organ involvement
Sample Test Report

Multi analyte testing in autoimmunity: From early days to modern technologies

Vectra - RA (Labcorp, LDT)

Personalized score by measuring 12 biomarkers
and incorporating information on age, gender and
adiposity to measure inflammation and predict risk
of radiographic progression

Vectra'vy (@ labcorp
12 \®

Vectra measures 12 biomarkers and combines them into a single score thus allowing

Biomarkers
providers to incorporate molecular insight from various inflammatory pathways
4 driving RA disease activi
g
]
@ « Vectraincorporates information on age, gender and adiposity to provide a score that
p ge, g p p

reflects a patient’s personalized disease activity and inflammation level

Vectra is an unsurpassed predictor of radiographic progression compared to CDAI,
SDAI, DAS28-CRP and CRP

Vectra is a molecular measurement of disease activity and RA inflammation

Adhesion Molecules Growth Factors Cytokines/ "Matrixl Skeletal-l?elated Hormones Acute-F‘lhase
p P Proteins Proteins

vear-1 @ EGF e @ MMP-1 @ YKL-40 Leptin @ SAA

@ VEGF-A TNF-RI @ MMP-3 Resistin @ CRP

The Vectra Score s reported on a scale of 1-100. Patients in the high and moderate categories are
considered to have uncontrolled inflammation, and may require treatment modification.

Level of Disease LOW HIGH 44

Activity

Vectra Score 1to29 45to 100
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Significant progress over the last decades in the
development and validation of new technologies and
platforms

A wide range of research tools and I|aboratory
technologies and tests are available for antibody testing
today

Serological biomarkers represent useful tools for patient
care in autoimmune diseases

Benefit of autoantibody profiling leveraging multi-
analyte testing for prediction, diagnosis, patient
stratification, prognosis...

Opportunities with Al
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