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Cytokines carried by plasma EVs as potential biomarkers predicting
response to TNFi in PsA

Scientific _abstract: Psoriatic Arthritis (PsA) is a chronic, heterogenous, inflammatory,
immune-mediated disease characterised by multiple features and multi-comorbidities. The
disease is difficult to diagnose because of the diverse symptoms and difficult to treat because
of the complex inflammatory pathways involved in its development and progression. To this
day, no curative treatment of PsA is available. Patients who do not respond to conventional
therapies can be started on a Tumor Necrosis Factor inhibitor (TNFi). However, around 40%
of patients with PsA respond poorly or fail to respond to this biologic treatment. TNF-a is the
pro-inflammatory cytokine targeted by TNFi and is produced and released in the blood stream
by immune cells such as T helper 1 (Thl) cells and monocytes. Immune cells signalling
involved paracrine mechanisms via secretion of growth factor, cytokines, chemokines, and
extracellular vesicles (EVs). EVs are a heterogeneous group of small membrane vesicles with
key roles in cell-to-cell communication, cell signalling and immune response modulation. EVs
contain a various proteins, lipids, cytokines, and nucleic acids collectively known as cargo.
Cytokines can be released either in a soluble or EV-encapsulated form. We hypothesis that the
level of cytokines carried inside EVs could predicts response to TNFi treatment. The overall
aim of this project is to find a potential biomarker to predict the response to TNFi in PsA.

Lay abstract: Psoriatic Arthritis (PsA) is a disease that can cause pain, stiffness and swelling
of joints and the spine. PsA is a form of inflammatory arthritis. This means it is thought to
develop when the immune system, which is meant to protect you, attacks healthy cells in the
body, especially around joints. In most cases, PsA occurs together with a skin disorder known
as psoriasis. This disorder causes patches of red skin with silvery scales that can appear
anywhere on the body. PsA affects 0.3 to 1% of the global population. Immune cells in PsA
patients produce an excess amount of a protein called TNF which is responsible for the swelling
and pain of joints. Anti-TNF, also known as TNF inhibitors (TNFi) are widely used as first-line
targeted biologic treatments to reduce the inflammation. However, about 40% of PsA patients
do not or only partially respond to this treatment. We try to find a molecule in the blood, known
as a biomarker, to tell if TNFi will help the patient before they even take this drug. If the
biomarker suggests the drug is not right for the patient, they can immediately try a more
appropriate drug. One way the cells communicate is by releasing extracellular vesicles (EVs)
which are small fatty structures containing anti- and pro-inflammatory molecules. In this
project, we will analyse the contents of these EVs and find out if they can predict whether the
patient will react positively to an anti-TNF drug.

Background: Psoriatic Arthritis (PsA) is a chronic, immune-mediated disease characterised
by multiple features such as axial and peripheral arthritis, psoriasis, enthesitis, dactylitis and
nail dystrophy (1). To this day, no curative treatment is available for PsA, and patients who do
not respond to conventional therapies start on a TNF inhibitor (TNFi) (2). However, about 40%
of PsA patients partially respond or fail to respond to this biologic drug (3), and there is a need
for potential biomarkers predicting response to TNFi in PsA.

As part of our PARIS study (Psoriatic Arthritis — Resistance to TNF Inhibitors Study), we have
recently published a review of cellular and molecular biomarkers of interest (4) to predict
response to TNFi in PsA. After our extensive literature search, we recruited 18 patients with
PsA and determined their response at 3 months after treatment using the psoriatic arthritis
response criteria (PSARC) score (comprising a tender joint score (TJS), a swollen joint score
(SJS) and a global health assessment of the physicist and patient (GHA)). Response was
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defined by an improvement of at least 30% of the joint scores and an improvement of at least
1 point of the GHA. We further classified responders as either a good responder (0 TJS and 0
SJS) or a moderate responder (improvement of at least 30% of the joint score without reaching
100%).

Our first immunophenotyping results showed that the mean proportion of Thl cells was
significantly higher in good responders than in the moderate and non-responders (Figure 1A).
Because the main pro-inflammatory cytokines released by Th1 cells are TNF-a and IFN-y, we
measured plasma levels of these cytokines and found their levels did not reflect the Thl
proportions. Mean plasma levels of TNF-a were similar in good and non-responders, and mean
plasma level of IFN-y was higher in non-responders than in good responders (Figure 1B).
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Figure 1: Unpublished data identifying different T helper immunophenotypes and cytokine profiles in good
responder, moderate responder, and non-responder groups 3 months after TNFi injection.

Although plasma levels of pro-inflammatory cytokines measured in plasma may give a good
indication of the immune pathways involved in each patient, but their levels overlap too much
between responders and non-responders to allow their use as predictive biomarkers. However,
besides circulating in the blood stream, cytokines can also be encapsulated in EVs (5). A
potential explanation of the poor compatibility between Thl cell levels and plasma cytokine
levels may therefore be that Thl cells secrete cytokines encapsulated in EVs.

Plasma EVs have been intensively studied in the last ten years and are increasingly recognized
as promising circulating biomarkers for diagnosis, prognosis, disease progression, response to
treatment and therapeutic drug delivery (6). EVs are membrane-bounded vesicles secreted by
cells with a size ranging from 30 nm to over 1pm, and they contain proteins, mRNAs, miRNAs,
lipids and cytokines as part of their cargo (6,7). Because of the role EVs play in cell-to-cell
communication, they are suggested to be involved in inflammatory and autoimmune disorders
(8,9). Not only do the levels of cytokines differ between EVs and plasma, they may also be
better predictors of outcome. For instance, Zhang et al demonstrated that the mean level of
TNF-a carried by EVs differs between non-progressive and progressive OA patients (10). In
this project, we will verify if the level of cytokines carried inside EVs could predicts response
to TNFi treatment.
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Previous research from our lab focused on charactering size, distribution and
immunosuppressive properties of EVs derived from bone marrow and umbilical cord
mesenchymal stromal cells, and demonstrated their role in rheumatoid arthritis (Figure 2)
(7,11). We also evidenced that environment (normoxia/hypoxia, pro-inflammatory priming)
could alter the EV protein cargo profile (7) and that they may have potential as a cell-free
therapy (12).

Methods:

Sample collection: Informed consent has already been obtained from patients and healthy
donors who enrolled in the PARIS study. Freshly collected blood samples have been
centrifuged and the resulting plasma samples stored at -80°C.

EV isolation: EVs will be isolated from plasma using the ExoQuick-LP kit (System Bioscience
Inc.). The EV pellet and EV-depleted supernatant will be stored in -80°C. Isolation of plasma
EVs is a complex process. The minimal information for studies of extracellular vesicles
(MISEV) guidelines will be followed such as removing cells and large proteins by
ultracentrifugation, avoiding freeze/thaws cycles, and performing additional filtration steps to
deplete residual platelet which are the same size as EVs (13).

EV characterisation and cytokine profiling: After a sonication of the EV samples to release
cargo proteins and surface proteins, a Bicinchoninic Acid (BCA) assay will be performed to
measure total protein concentration. Nanoparticle tracking analysis (NTA) of isolated EV and
EV-depleted plasma will be performed to determine concentration and particle size
distributions. Transmission electron microscopy (TEM) will be used to obtain images of EVs
and determine their morphology. Flow cytometry will be used to identify characteristic
tetraspanins surface markers using MACSPlex exosome detection kit (Miltenyi). Cytokine
levels will be measured in EV pellet (endo-EV) and in EV-depleted plasma (exo-EV) using
multiple ELISA assays.

Statistics: Cytokine levels will be checked for normality and log-transformed if needed. Paired
t-tests will be used to compare cytokine levels between plasma and EVs, independent t-tests to
compare between healthy donors and PsA patients, 1-way ANOVA to compare between good,
moderate, and non-responders, and Spearman’s correlation coefficient to correlate between
cytokine levels in EVs and proportion of Thl cells. All statistical analyses will be performed
using GraphPad Prism, using a two-sided p-value below 0.05 to denote significance.

Expected results: In this study:
e We will determine whether the cytokine levels in EV lysates is different in PsA patients
and healthy donors, as well as in responders and non-responders to TNFi.
e We will also reveal if the cytokine levels differ in lysate of EVs isolated form plasma,
and in EV-depleted plasma.
o We will verify if the level of TNF-o and IFN-y measured in EV lysates can be correlated
to the proportion of Th1 cells.

Significance for psoriatic arthritis: The findings from this study will hopefully help clinicians
to select a more precisely targeted biologic therapy among approved drugs such as TNFi, IL-
171, IL-23/121 or JAKi. This will allow immediate treatment with the most appropriate drug
rather than following the usual default cascade of drugs starting with TNFi and in the case of
non-response followed by trialling the other treatments mentioned. This will save money, but
more importantly will save patients the time wasted on taking inappropriate drugs, resulting in
better treatment outcomes and quality of life.
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