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Multiple sclerosis (MS) is an autoimmune disease driven by lymphocyte activation against myelin
autoantigens in the central nervous system leading to demyelination and neurodegeneration.

The deoxyribonucleoside salvage pathway with the rate-limiting enzyme deoxycytidine kinase
(dCK) captures extracellular deoxyribonucleosides for use in intracellular deoxyribonucleotide
metabolism. Previous studies have shown that deoxyribonucleoside salvage activity is enriched

in lymphocytes and required for early lymphocyte development. However, specific roles for the
deoxyribonucleoside salvage pathway and dCK in autoimmune diseases such as MS are unknown.
Here we demonstrate that dCK activity is necessary for the development of clinical symptoms in
the MOG35_55 and MOG1_125 experimental autoimmune encephalomyelitis (EAE) mouse models
of MS. During EAE disease, deoxyribonucleoside salvage activity is elevated in the spleen and
lymph nodes. Targeting dCK with the small molecule dCK inhibitor TRE-515 limits disease
severity when treatments are started at disease induction or when symptoms first appear. EAE
mice treated with TRE-515 have significantly fewer infiltrating leukocytes in the spinal cord,

and TRE-515 blocks activation-induced B and T cell proliferation and MOGg3s5_gs-specific T cell
expansion without affecting innate immune cells or naive T and B cell populations. Our results
demonstrate that targeting dCK limits symptoms in EAE mice and suggest that dCK activity is
required for MOGs5_gs-specific lymphocyte activation-induced proliferation.

Graphical Abstract

Identifying new targetable proteins in multiple sclerosis could improve the treatment of this
disease. Deoxycytidine kinase is the rate-limiting enzyme in the deoxyribonucleoside salvage
pathway. We show that deoxycytidine kinase activity is upregulated in the lymph nodes and spleen
in models of multiple sclerosis. Treating these models prophylactically or therapeutically with the
dCK inhibitor TRE-515 limits disease. TRE-515 selectively blocks T and B cell activation-induced
proliferation without affecting other aspects of the immune system including naive T and B cells
or innate immune cells. Our results suggest deoxycytidine kinase as a potential target for the
treatment of multiple sclerosis.

Immunology. Author manuscript; available in PMC 2024 January 01.
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Introduction:

Multiple sclerosis (MS) is a chronic autoimmune disease in which cells of the immune
system attack myelin in the central nervous system (CNS) leading to neuroinflammation,
demyelination, and neurodegeneration (1-4). MS pathology is likely driven primarily by

T and B lymphocytes that recognize myelin autoantigens (5,6). Most MS patients present
with relapsing — remitting MS characterized by episodes of disability followed by recovery
that eventually converts to a secondary progressive disease. Patients can also present with
primary progressive disease (1-4).

Current approved therapies for MS target various mechanisms to modulate the immune
system and limit disease. Interferon  activates the STAT transcription factors and
modulates the immune system through multiple mechanisms including downregulating
major histocompatibility complex (MHC) expression and blocking T cell migration (7).
Glatiramer acetate has pleiotropic effects that include the induction of an anti-inflammatory
T cell response (8). Teriflunomide inhibits dihydroorotate dehydrogenase, an enzyme
involved in de novo nucleotide synthesis and the electron transport chain, and blocks
lymphocyte proliferation (9). Modulators of the sphingosine-1-phosphate receptor including
fingolimod, siponimod, ponesimod, and ozanimod limit lymphocyte egress from the lymph
nodes (10). Cladribine incorporates into DNA, possibly inhibits the de novo nucleotide
synthesis enzyme ribonucleotide reductase, and induces cell death in lymphocytes (11).
Mitoxantrone intercalates into DNA and blocks T cell, B cell, and macrophage proliferation
among other mechanisms (12). Methyl fumarates activate the transcription factor Nrf2 and

Immunology. Author manuscript; available in PMC 2024 January 01.
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reduce lymphocyte levels (13). Natalizumab binds to a4p1 integrin and limits leukocyte
egress from the blood vessels (14). Anti-CD52 antibodies (alemtuzumab) and anti-CD20
antibodies (ocrelizumab and ofatumumab) bind to CD52 on B and T lymphocytes and
CD20 on B lymphocytes, respectively, leading to the depletion of these cell types (15,16).
Although these therapies are effective, none of them completely blocks disease or disease
progression, and all of them are associated with significant side effects that include liver
injury, severe lymphopenia, and an increased risk of viral infections (17). Additional
therapies to treat MS patients with single agent efficacies and low side-effect profiles are
needed.

The deoxyribonucleoside salvage pathway consumes extracellular deoxyribonucleosides for
the biosynthesis of deoxyribonucleoside triphosphates (ANTPs) to use in DNA synthesis and
complements dNTP production from the de novo pathway (18). In the salvage pathway,
deoxyribonucleosides are transported across the cell membrane by concentrative and
equilibrative nucleoside transporters and are subsequently phosphorylated by deoxycytidine
kinase (dCK), the rate-limiting enzyme in this pathway (18-21). dCK functions as a dimer
in cells to phosphorylate deoxycytidine as its major substrate as well as deoxyadenosine

and deoxyguanosine and can activate various nucleoside analogue therapeutics such as
cytarabine and cladribine (22). The nucleoside analogue positron emission tomography
(PET) radiotracers 1-(2’-deoxy-2’-[*8F]fluoroarabinofuranosyl)cytosine ([18F]FAC) and
2-chloro-2"-deoxy-2’-[18F]fluoro-9-B-D-arabinofuranosyl-adenine ([18F]CFA) are acted
upon by these same nucleoside transporters and by dCK and thus can visualize the
deoxyribonucleoside salvage pathway and quantify deoxyribonucleoside salvage activity in
mice and humans, respectively (23,24). The specificity of [18F]FAC for deoxyribonucleoside
salvage and dCK has been demonstrated using dCK knockout mice that fail to accumulate
[18F]FAC in any of the major organs in which [18F]FAC normally accumulates such as the
spleen and bone marrow (21). dCK is overexpressed at the mRNA level in tumor tissue from
many different cancer types including esophageal carcinoma, cholangiocarcinoma, head and
neck squamous cell carcinoma, hepatocellular carcinoma, and stomach adenocarcinoma and
is likely involved in maintaining adequate dNTP pools during rapid cancer cell division
(25,26). Additionally in cancer cells, dCK is activated in response to ionizing radiation and
DNA damage through phosphorylation of Serine 74 by the ataxia telangiectasia mutated
(ATM) and Ataxia telangiectasia and Rad3-related (ATR) enzymes where it contributes to
DNA repair and the G2/M checkpoint (27-29).

In healthy mice and in humans, the deoxyribonucleoside salvage pathway is selectively
enriched in lymphoid organs including the bone marrow, spleen, and lymph nodes (23,24).
Mice lacking dCK have a defect in T and B cell development and splenomegaly possibly
due to extramedullary hematopoiesis but are otherwise phenotypically normal with a normal
life span (21). During T and B cell development, loss of dCK leads to depletion of
intracellular deoxycytidine triphosphate pools, replication stress, and cell cycle arrest (30).
Deoxyribonucleoside salvage activity is increased in T cells during activation in culture
and in the spleen and lymph nodes in mouse models of systemic lupus erythematosus,
autoimmune hepatitis, and inflammatory bowel disease and in a mouse model of anti-tumor
immunity (23,31-33). In addition, we previously showed in the experimental autoimmune
encephalomyelitis (EAE) model of MS that deoxyribonucleoside salvage activity is
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increased in the lymph nodes and spleen at one time point in the disease (34). These data
suggest a potential functional role for deoxyribonucleoside salvage in multiple autoimmune
diseases including MS. Here we demonstrate that dCK is required for and can be targeted to
block clinical symptoms in the EAE model of MS.

10-week-old, male and female C57BL/6N mice were used for experiments at the University
of California, Los Angeles (UCLA). 10-week-old female C57BL/6N mice were used for
experiments at Crown Biosciences. 7-week-old female C57BL/6J mice were used for
experiments at Charles River Laboratories. All mice were purchased from Charles River
Laboratories. All mouse studies at UCLA were approved of by the UCLA Animal Resource
Committee. All mouse experiments at Crown Biosciences and Charles River Laboratories
were per their established EAE protocols and complied with local animal welfare guidelines.

EAE induction.

Myelin oligodendrocyte glycoprotein peptide fragment 35 — 55 (MOG35_55)
model: Mice were acclimated to the animal facility for at least 7 days before starting

the experiment. At UCLA, mice were injected subcutaneously at two sites on the back
with an emulsion of MOG35_g5 peptide and Complete Freund’s Adjuvant (CFA; 100 pL/
injection; 100 ug MOG3s_ss/injection; Hooke Laboratories EK-2110), and two hours and
again 24 hours later, the mice were injected intraperitoneal with pertussis toxin (80 ng; 100
uL). At Crown Biosciences, mice were injected subcutaneously on each leg flank with an
emulsion of MOG3s_s55 peptide and CFA (100 pL/injection; 50 ug MOGg3s_gs/injection),
and immediately after and again 48 hours later, the mice were injected intraperitoneally
with pertussis toxin (200 ng; 100 pL). At Charles River Laboratories, mice were injected
subcutaneously with an emulsion of MOG35_g5 peptide and CFA (100 pL/injection; 150 ug
MOG3s_ss/injection) at two sites on the lower back on Day 0 and two sites on the upper
back on Day 7, and immediately after and again 48 hours after the first set of emulsion
injections, mice were injected intraperitoneal with pertussis toxin (500 ng; 100 uL) (Table
S1). MOG;_; 5 model: EAE was induced in mice with the MOG1_;25 peptide following the
same protocol as was used at UCLA for inducing EAE with the MOGgs_g5 peptide except
that an emulsion of MOG1_125 peptide and CFA was used (80 pg MOG1_1p5/injection;
Hooke Laboratories EK-2160). All mice were scored following the standard clinical score
that ranges from 0 to 5 where a score of 0 represents no phenotypes; a score of 1 represents
a limp tail; a score of 2 represents a limp tail and hind leg weakness; a score of 3 represents
a limp tail and complete hind leg paralysis; a score of 4 represents a limp tail, complete
hind leg paralysis, and partial front leg paralysis; and a score of 5 represents complete limb
paralysis or death.

[18F]FAC PET/CT imaging.

[18F]FAC PET/CT imaging was conducted as previously described (34). Briefly, mice were
anesthetized with isoflurane, injected via the tail vein with ~1.4 MBq (40 uCi) of [18F]FAC,
and one hour later, imaged on the G8 or GNEXT PET/CT preclinical imaging system

Immunology. Author manuscript; available in PMC 2024 January 01.
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(SOFIE). Results were analyzed by drawing regions of interest around the lymph nodes,
spleen, bone marrow, spinal cord, and brain using the AMIDE medical imaging software.
[18F]FAC accumulation in each measured organ was quantified as percent injected dose per
cubic centimeter except for in the PET images of the vehicle- and TRE-515-treated mice. To
account for the higher background levels of [18F]FAC in the TRE-515-treated mice, results
were quantified as signal/background where background is muscle [18F]FAC accumulation.

Ex vivo measurements of deoxyribonucleoside salvage activity.

Ex vivo measurements of deoxyribonucleoside salvage activity were conducted as
previously described (34) except that cells were isolated from the lymph nodes and spleen.

TRE-515 treatments.

TRE-515 was dissolved to a concentration of 12.5 mg/mL in 40% captisol (w/v) vehicle.
Mice were treated daily with TRE-515 via oral gavage at a dose and frequency of 75 mg/kg
twice-a-day (BID), 100 mg/kg once-a-day (QD), and 150 mg/kg QD. Treatments were
initiated at Day 1 post-EAE induction (UCLA and Crown Biosciences), at Day 11 post-EAE
induction when all the mice had reached a clinical score of 1 or greater (UCLA), or at Day
7 post-EAE induction when a third of the mice had reached a clinical score of 0.5 (Charles
River Laboratories).

Immunohistochemistry.

Immunohistochemistry was conducted as previously described except that spinal cord
sections were analyzed (34). Spinal cord sections were stained with Luxol fast blue by
incubating the tissue in Luxol fast blue solution overnight at 65°C, differentiating the tissue
with lithium carbonate solution, and counterstaining the tissue using cresyl violet solution
per the manufacturer’s protocol (IHC World).

Plasma deoxycytidine levels.

EAE mice (14 days post-EAE induction) were treated with vehicle or TRE-515 (75 mg/kg)
and blood was collected at 4 hours post-treatment. Plasma deoxycytidine levels were
analyzed as previously described (24).

TRE-515 pharmacokinetic studies.

Naive and EAE mice (14 days post-EAE induction when all the mice had reached a clinical
score > 2.5) were treated with vehicle or TRE-515 (75 mg/kg). 1, 4, and 12 hours post-
treatment, the brain, spinal cord, and blood were collected, and TRE-515 levels in these
tissues were analyzed similar to previously described (35).

Tetramer studies.

An allophycocyanin (APC)-labeled MOG3g_49 I-A(b) tetramer and control I-A(b) tetramer
were obtained from the NIH Tetramer Core Facility at Emory University. MOG3s5_g5

EAE mice were treated with vehicle or TRE-515 (150 mg/kg, QD) starting on Day

1 post-EAE induction. On Day 10 post-EAE induction, cells from the inguinal, axial,

and cervical lymph nodes were isolated by grinding the tissue between two glass slides

Immunology. Author manuscript; available in PMC 2024 January 01.
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in RPMI-1640 media containing 10% (v/v) fetal bovine serum, glutamine (2 mM), and
penicillin-streptomycin (100 U/mL). Cells were left unstained or were stained with either
an APC-labeled MOG3g_49 I-A(b) tetramer or control 1-A(b) tetramer (NIH Tetramer Core
Facility, Emory University; 18 ug/mL; 37 °C; 30 min) followed by a phycoerythrin (PE)-
labeled anti-mouse CD4 antibody (eBioscience 12—-0042-81; 1.25 pg/mL; 4 °C; 30 min)
and 4’ ,6-diamidino-2-phenylindole (DAPI; 1.2 uM). Cells were gated for single, live, CD4*
cells, and the percent tetramer positive cells for each sample was quantified.

MOG35_55 EAE mice were treated daily with vehicle or TRE-515 (150 mg/kg, QD) starting
on Day 1 post-EAE induction. On Day 3 and Day 10 post-EAE induction, cells from the
lymph nodes and spleens of the EAE mice were isolated as described above. Red blood
cells in the spleen were lysed using ammonium-chloride-potassium (ACK) lysis buffer.
Cells were immunostained and analyzed by CyTOF with the antibodies in Table 1 as
previously described (36) except that following the surface staining, cells were stained

with the intracellular markers by fixing the cells with paraformaldehyde (2%, 10 min,

room temperature), washing the cells twice with Perm-S buffer (2 mL; Fluidigm 201066),
adding the intracellular markers in Perm-S buffer (1 hour, room temperature), and washing
the cells twice with Maxpar Cell Staining Buffer (2 mL; Fluidigm 201068). Data was
analyzed using the OMIQ software. Cells were gated for live, single, CD45* cells and
subsampled so that each sample had equal numbers of cells. Cells from each time point
and organ system were analyzed separately using the FlowSOM algorithm, which creates
self-organizing maps by clustering cells into nodes and further organizing the nodes by
consensus metaclustering into 20 non-overlapping metaclusters. The Significance Analysis
of Microarrays (SAM) software (number of permutations: 500; false discovery rate cutoff:
0.1) was used to identify metaclusters for which the percent of cells in that metacluster
differed significantly with TRE-515 treatments. The SAM software occasionally identified
metaclusters with high variance and small differences between vehicle- and TRE-515-treated
samples. To focus on the most significantly different clusters, we conducted T tests on each
metacluster identified by SAM as significant, and only further analyzed those with p<0.1.
Median marker expression for a given marker represents the median expression of that
marker across all samples.

Blood cell counts.

Blood (100 L) was collected via a retroorbital bleed into Ko-EDTA tubes from MOG3s5_s5
EAE mice Day 28 post-EAE induction following daily treatment with vehicle or TRE-515
(100 mg/kg, QD) starting on Day 1 post-EAE induction and was analyzed by a Vetscan
hematology analyzer to quantify white blood cells, lymphocytes, neutrophils, monocytes,
red blood cells, and platelet cells.

Statistical analyses.

Statistical significance was determined by unpaired T-tests, and one-way and two-way
ANOVA analyses with Dunnett and Tukey multiple comparison corrections. CyTOF data
was analyzed by SAM.

Immunology. Author manuscript; available in PMC 2024 January 01.
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Deoxyribonucleoside salvage activity is elevated in T cells in the lymph nodes of EAE mice

EAE is the standard mouse model for studying the biology of and testing new therapies

for MS. This mouse model can be induced by injecting C57BL/6 mice with an emulsion
containing amino acids 35 — 55 of the mouse MOG protein (MOG3s_55) and CFA followed
by two injections with pertussis toxin (37). MOG3s_s5 EAE develops in mice lacking B cells
but requires T cells and is considered a B-cell independent model (38). Following injection
of the MOGg35_55/CFA emulsion, mice remain asymptomatic for approximately 10 days,
after which they manifest clinical phenotypes starting with a limp tail and leading to hind
limb and forelimb paralysis that peak approximately 4 days later. The severity of clinical
phenotypes is quantified on a scale of 0 to 5.

We have previously shown that the deoxyribonucleoside salvage pathway is activated in
the lymph nodes and spleen of MOG35_s5 EAE mice at Day 14 post-EAE induction

during which the mice were at peak disease (34). However, whether deoxyribonucleoside
salvage is activated in these tissues at other stages of the disease remained to be
determined. The deoxycytidine analogue PET radiotracer [18F]FAC can be used to quantify
deoxyribonucleoside salvage activity non-invasively in tissues throughout the body and
allows us to study this pathway without perturbation in its natural /n vivo environment. To
investigate at which EAE disease stages immune cells activate deoxyribonucleoside salvage,
we induced EAE in female and male mice with the MOG3s_s5 peptide/CFA emulsion

and imaged the mice with [18F]FAC PET/CT pre-induction and at 7, 14, 21, and 28 days
post-EAE induction. These time points represent different stages of disease in this model
including the pre-symptomatic stage (Day 7 post-EAE induction), peak disease (Days 14
and 21 post-EAE induction), and mild remission (Day 28 post-EAE induction). [18F]FAC
accumulation was quantified in the lymph nodes, spleen, spinal cord, and brain. [18F]FAC
accumulation was elevated in the spleen and lymph nodes of both the female and male
mice starting as early as 7 days post-EAE induction and remained elevated through Day

28 post-EAE induction relative to pre-induction mice (Fig. 1a, b; Fig. S1). This suggests
that immune cells in the secondary lymphoid organs activate and potentially rely on the
deoxyribonucleoside salvage pathway throughout the EAE disease. Additionally, [18F]JFAC
accumulation was elevated in the brains of female and male MOG3s_s5 EAE mice at Days
7 and 14 post-EAE induction and throughout disease, respectively, relative to pre-induction
mice, likely due to brain-infiltrating leukocytes in these mice (34) and was elevated in the
spinal cords of male but not female MOGg35_s5 EAE mice (Fig. S1, S2).

Higher [*8F]FAC accumulation in the spleen and lymph nodes of MOG35_s5 EAE mice
likely represents both a change in the cellular composition of these organs during disease
and an increase in deoxyribonucleoside salvage activity in specific cell types residing in
those organs. To quantify changes in deoxyribonucleoside salvage activity in specific cell
types at different disease stages, we isolated CD11b innate immune cells, CD4 T cells,
CD8 T cells, and CD45R (B220) B cells from the lymph nodes and spleens of MOG3s_55
EAE mice early (Days 7 — 14 post-EAE induction) or late (Days 21 — 28 post-EAE
induction) in the disease course and measured deoxyribonucleoside salvage activity with

Immunology. Author manuscript; available in PMC 2024 January 01.
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[3H]deoxycytidine. In cells from the lymph nodes, deoxyribonucleoside salvage activity was
elevated in CD4 and CD8 T cells early in the disease course but returned to pre-induction
levels at the later time point. Deoxyribonucleoside salvage activity was unaffected in the
innate immune (all types) or B cells of the lymph nodes at any time point in the disease
course (Fig. 1c). In the spleen, deoxyribonucleoside salvage activity was significantly
elevated in CD11b innate immune cells during late disease (Fig. S3). Deoxyribonucleoside
salvage activity remained unaffected in the CD4 and CD8 T cells and B cells in the spleen
at any point in the disease. Collectively, these results suggest that T lymphocytes in the
lymph nodes activate deoxyribonucleoside salvage activity during immune activation in the
MOG35_55 EAE mouse model.

TRE-515 blocks deoxyribonucleoside salvage activity in the lymphoid organs

Our data demonstrating that CD4 and CD8 T cells increase deoxyribonucleoside salvage
activity during periods of immune activation in MOG35_g5 EAE mice suggests a potential
functional role for this pathway in the development of clinical symptoms in EAE. TRE-515
is a recently developed small molecule inhibitor of dCK, the rate-limiting enzyme in the
deoxyribonucleoside salvage pathway, and analogues of TRE-515 have been shown to block
deoxyribonucleoside salvage in xenograft tumors (39,40). To evaluate whether TRE-515
blocks deoxyribonucleoside salvage activity in the lymphoid organs, we treated mice with
vehicle or TRE-515 (150 mg/kg) once and imaged the mice with [18F]FAC PET/CT.
TRE-515 blocked [18F]FAC accumulation in the bone marrow and spleen (Fig. 2a, b) while
the percent of major immune cell populations in these organs remained unaltered following
this acute dosing (Fig. 2c). The lymph nodes of these mice proved too small to accurately
quantify a decrease in [18F]FAC accumulation following TRE-515 treatment. TRE-515 at a
dose of 75 mg/kg also blocked deoxyribonucleoside salvage activity and increased plasma
deoxycytidine levels (Fig. S4a — c¢), an expected result given that dCK is required for the
cellular consumption of deoxycytidine from the plasma. In both the 75 mg/kg and 150
mg/kg TRE-515-treated mice, TRE-515 blocked [18F]FAC accumulation to a greater extent
in the bone marrow than the spleen. This could be due to greater concentrations of TRE-515
reaching the bone marrow than the spleen or other explanations.

TRE-515 limits clinical symptoms in EAE mice

The ability of TRE-515 to target dCK and block deoxyribonucleoside salvage activity in

the lymphoid organs of mice allowed us to test whether dCK and the deoxyribonucleoside
salvage pathway contributes to and can be targeted to limit clinical phenotypes in EAE mice
at different stages of disease. To evaluate whether targeting dCK prophylactically at disease
induction could limit disease phenotypes, we induced MOGg3s5_55 EAE in mice and treated
the mice with vehicle or TRE-515 (150 mg/kg QD) starting the next day and through Day 21
post-EAE induction. The EAE mice treated with TRE-515 developed symptoms later, had
fewer symptoms at peak disease, and had fewer symptoms overall compared to EAE mice
treated with vehicle (Fig. 3a — ¢). TRE-515 also limited clinical symptoms in the MOG35_g5
EAE model at once daily dosing of 100 mg/kg, at twice daily dosing of 75 mg/kg, and
whether the EAE was induced in male or female mice (Fig. S4d — f). Clinical symptoms in
the EAE model occur secondary to demyelination caused by infiltrating leukocytes in the
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CNS (37). TRE-515-treated MOGg35_55 EAE mice have fewer infiltrating leukocytes in the
CNS and less demyelination compared with vehicle-treated EAE mice (Fig. 3d).

EAE induced with the MOG3s_g5 peptide is the best-studied EAE model but in contrast

to MS is B-cell independent (38). In contrast, EAE induced with amino acids 1 — 125 of

the mouse MOG protein (MOG1_125 peptide) fails to manifest in mice lacking B cells and
thus is considered a B cell-dependent disease (38). Though less studied, this model allows
us to investigate the deoxyribonucleoside salvage pathway and the effects of TRE-515 in a
mouse model that more accurately models the B cell involvement of MS. MOG1_;,5 EAE
mice present with disease following a similar time course as the MOGss_g5 EAE model.

We imaged MOG;_125 EAE mice with [18F]FAC PET/CT pre-induction and at Day 14
post-EAE induction when the mice had reached peak disease. Similar to the MOGg35_s5 EAE
mice, MOG;_125 EAE mice had significantly higher [18F]FAC accumulation in the lymph
nodes compared to pre-induction mice, suggesting activation of the deoxyribonucleoside
salvage pathway in this tissue (Fig. 4a, b). MOG;_105 EAE mice also had significantly
elevated [*8F]FAC accumulation in the brain compared to pre-induction mice, likely due to
[18F]FAC accumulation in brain-infiltration leukocytes (34). We treated MOG1_;5 EAE
mice with TRE-515 starting on Day 1 post-EAE induction. TRE-515 limited clinical
symptoms in the MOG;_125 EAE model at once daily dosing of 150 mg/kg but not twice
daily dosing of 75 mg/kg (Fig. 4c, d). These data indicate that deoxyribonucleoside salvage
is upregulated in immune cells during immune activation and that TRE-515 can limit clinical
symptoms in EAE models driven by just T cells or by both T and B cells.

To evaluate whether targeting dCK therapeutically could limit disease progression,
MOG3s_55 EAE mice were treated with vehicle or TRE-515 (150 mg/kg QD) starting

when the mean clinical score for the mice reached 1, which in this experiment occurred

on Day 11. Within five days of starting treatments, EAE mice treated with TRE-515 began
to have significantly fewer clinical symptoms than vehicle-treated EAE mice, and this was
maintained for the remainder of the treatment period, yielding fewer EAE symptoms overall
(Fig. 5a, b). Similar to the mice treated starting on Day 1 post-EAE induction, the mice
treated starting on Day 11 post-EAE induction had fewer infiltrating leukocytes in the CNS
and less CNS demyelination (Fig. 5c).

Evaluating clinical symptoms in EAE models is necessarily subjective and could be affected
by observer bias. Additionally, the development of symptoms in this model can be affected
by various difficult to account for variables including stress (41). To evaluate the rigor and
reproducibility of these experiments and to further validate and expand on these results, we
tested the efficacy of TRE-515 in established EAE protocols at the Crown Biosciences and
Charles River Laboratories contract research organizations. Consistent with the results of
our earlier experiment (Fig. S4f), MOG3s_55 EAE mice treated at Crown Biosciences with
TRE-515 (100 mg/kg QD) starting Day 1 post-EAE induction had fewer symptoms at peak
disease, had fewer symptoms overall, and developed symptoms later compared with vehicle-
treated EAE mice (Fig. S5a — ¢). In their established EAE protocol, the Charles River
Laboratories contract research organization injects their mice with MOG35_g5 peptide/CFA
emulsion at Day 0 and again at Day 7 to yield a disease with monotonically increasing
symptoms without remission. Similar to the results of our earlier experiment (Fig. 5a, b),
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MOG35_55 EAE mice treated at Charles River Laboratories with vehicle or TRE-515 (75
mg/kg BID) starting on Day 7 post-EAE induction (when at least a third of the mice showed
symptoms) had fewer symptoms than vehicle-treated MOGg35_g5 EAE mice (Fig. S5d, e).
Additionally, half of the MOG35_55 EAE mice treated with TRE-515 at Charles River
Laboratories began to recover from their symptoms starting at Day 20 post-EAE induction
and a third of those mice recovered from all symptoms and returned to a clinical score of

0. The TRE-515-treated EAE mice that showed recovery in this model had fewer infiltrating
leukocytes in the CNS and less demyelination than the vehicle-treated EAE mice (Fig. S5f).

Collectively, our data strongly demonstrate that targeting dCK with the small molecule
inhibitor TRE-515 can limit clinical symptoms in the EAE mouse model when treatments
are started either at disease induction or when symptoms arise.

TRE-515 blocks CD4 T and B cell activation-induced proliferation in the EAE mouse model

Our data demonstrates that TRE-515 can block symptoms in EAE mice. TRE-515 could

be having this effect by directly affecting cells in the CNS or in the periphery. To test
whether TRE-515 can cross the blood-brain and blood-spinal cord barrier, we treated naive
and MOGg35_55 EAE mice with TRE-515 and measured TRE-515 levels in the plasma, brain,
and spinal cord of these mice 1, 4, and 12 hours later. TRE-515 levels in the brain and spinal
cord were less than 4% and 7% of TRE-515 levels in the plasma, respectively, independent
of whether the mice were induced with EAE (Fig. S6). These results combined with our
earlier data showing that mice treated with TRE-515 have fewer infiltrating leukocyte in

the CNS (Fig. 3d, 5¢) argue against the possibility that TRE-515 directly affects cells in

the CNS to modulate EAE phenotypes and instead focused our attention on how TRE-515
affects immune cells in the periphery.

In MOG35_55 EAE mice, CD4 T cells that express a T cell receptor that recognizes the
MOG3s_55 peptide (MOG-specific CD4 T cells) are primary drivers of disease (42,43).
Blocking these myelin-specific CD4 T cells could be one way in which TRE-515 limits
clinical symptoms in this model. We quantified these cells using a fluorescently labeled
tetramer that presents a peptide consisting of amino acids 38 — 49 of the mouse MOG
protein (MOGa3g_49) on a Class II MHC protein. As a negative control, we used a
fluorescently labeled tetramer that presents a peptide not targeted by a mouse CD4 T cell.
MOGg3s_55 EAE induction caused a significant expansion of the MOG-specific CD4 T cells
compared to naive mice that was blocked by TRE-515 treatment (Fig. 6a). The percent of
CDA T cells that bound to the control tetramer was not significantly affected by the EAE
induction or the TRE-515 treatment (Fig. 6a) indicating that our results with the MOG3g_49
peptide-expressing tetramer were specific. These data suggest that TRE-515 blocks the
expansion of MOG-specific CD4 T cells.

In addition to blocking the expansion of MOG-specific CD4 T cells, TRE-515 could affect
other cells of the immune system in the MOGg35_s5 EAE model to limit clinical symptoms
or alternatively in a way that would be predicted to yield significant side effects from the
treatment. To comprehensively analyze the immune system in these experiments, we used
mass cytometry (CyTOF) to profile the immune system at Day 3 and Day 10 post-EAE
induction in the spleen and lymph nodes of MOGs35_g5 EAE mice treated with vehicle or
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TRE-515 (150 mg/kg QD) starting on Day 1 post-EAE induction. Results were analyzed by
FlowSOM, an algorithm that performs unsupervised clustering of the cells to create maps
with nodes representing different cell types and states, which the algorithm then organizes
into metaclusters. The statistical method SAM was used to identify metaclusters for which
the percent of cells in that metacluster is significantly related to the TRE-515 treatment
relative to the vehicle treatment (44,45).

In each organ and at each time point, the FlowSOM algorithm clustered the cells into
major immune cell classes including CD4 T cells, CD8 T cells, B cells, and innate immune
cells (Fig. S7). In the lymph nodes on Day 3 post-EAE induction, TRE-515 significantly
decreased the percent of cells in two metaclusters representing activated and proliferating
CD4 T cells (CDA T cell Metaclusters 11 and 12 with elevated levels of CD69, CD39,
CD44, and Ki67 and low levels of CD62L compared to the naive CD4 T cell Metacluster
16) and two B cell metaclusters representing proliferating plasmablasts (B cell Metacluster
17 and 18 with elevated levels of CD69, CD138, and Ki67 compared to naive B cell
Metacluster 1) (Fig. 6b — d; Table S2). TRE-515 had no significant effect on the percent

of cells in any other metacluster including the naive CD4 T cell metacluster, an activated
but non-dividing CD4 T cell metacluster (CD4 T cell Metacluster 15 with elevated levels of
CD69 and CD39 and low levels of Ki67 compared to the naive T cell Metacluster 16), the
naive B cell metacluster, any CD8 T cell metacluster, and any CD11b™ innate immune cell
metacluster (Table S2). In the spleen on Day 3 post-EAE induction, TRE-515 significantly
decreased the percent of cells in a proliferating plasmablast metacluster (B cell Metacluster
14 with elevated levels of CD69, CD138, and Ki67 compared to naive B cell Metacluster
3) but had no effect on any of the other metaclusters including the naive B cell metacluster
or any of the innate immune metaclusters (Fig. 6e, f; Table S3). These data suggest that
TRE-515 blocks activation-induced proliferation in CD4 T cells and B cells in our model
without affecting the levels of naive CD4 T cells, naive B cells, CD8 T cells, or innate
immune cells.

In the lymph nodes from Day 10 post-EAE induction, TRE-515 significantly increased the
percent of cells in the metacluster representing naive T cell (CD4 T cell Metacluster 18 with
high levels of CD62L and low levels of CD69, CD39, CD44, and Ki67) while decreasing the
percent of cells in the metacluster representing activated T cell (CD4 T cell Metacluster 8
with low levels of CD62L and elevated levels of CD69, CD39, CD44, and Ki67 compared
to the naive CD4 T cell Metacluster 18) (Fig. 7a, b; Table S4). TRE-515 had no effect

on other CD4 T cell metaclusters or metaclusters representing B and CD8 T cells (Table
S4). In the spleen from Day 10 post-EAE induction, TRE-515 decreased the percent of
cells in a metacluster representing memory T cells (CD4 T cell Metacluster 10 with low
levels of CD62L, CD69, and Ki67 and high levels of CD44 compared to naive CD4 T cell
Metacluster 7) but did not significantly affect the percent of cells in any other metacluster
including the naive CD4 T cell metacluster (Fig. 7c, d; Table S5).

In total, our tetramer and CyTOF data suggest that TRE-515 blocks B and CD4 T cell
activation-induced proliferation early in the MOGgss_g5 EAE disease course, leading to more
naive T cells and fewer memory T cells than in vehicle-treated MOG3s_55 EAE mice
without decreasing the levels of other major immune cell types including naive CD4 or
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CD8 T cells, naive B cells, or CD11b innate immune cells. These results are consistent with
cell counts from the blood of EAE mice treated with vehicle or TRE-515 for 28 days (Fig.
S5) that show minimal to no effect of TRE-515 on the levels of total white blood cells,
lymphocytes, neutrophils, monocytes, platelets, and red blood cells (Fig. S8).

Discussion:

Here we show that the dCK inhibitor TRE-515 limits the development of clinical symptoms
and blocks CD4 T and B cell activation-induced proliferation in the MOGg35_s5 EAE mouse
model. Activated CD4 T cells are key drivers of pathology in the MOG3s_s5 EAE model
(42,43), and TRE-515 blocks the proliferation of activated CD4 T cells in this model at
both Day 3 and Day 10 post-EAE induction. These data strongly suggest that TRE-515
abrogates clinical symptoms in this model by blocking activation-induced proliferation of
CDA4 T cells. Additionally, by Day 10 post-EAE induction, mice treated with TRE-515 have
fewer memory CDA4 T cells, an expected result of blocking CD4 T cell activation-induced
proliferation. B cells likely do not contribute to clinical phenotypes in the MOGg35_s5 EAE
model (38). However, we also show that TRE-515 has efficacy in the MOG1_125 EAE model
in which B cells contribute to disease. TRE-515 may be limiting clinical symptoms in this
model through its effect on both T and B cells.

We evaluated the effect of TRE-515 on clinical symptoms in multiple experiments using
different sexes (male and female), treatment paradigms (prophylactic or therapeutic),
TRE-515 doses (75 mg/kg BID, 100 mg/kg QD, and 150 mg/kg QD), and EAE models
(MOGg35_55 and MOG1_125). Efficacy can be evaluated as the percent decrease in the

mean clinical score of the drug-treated mice when the vehicle-treated mice reach peak
disease and compared across experiments. In those experiments in which we used the same
sex, treatment paradigm, and EAE model, the efficacy of TRE-515 across experiments

was similar. In all four of the experiments in which we prophylactically treated female
MOG3s_55 EAE mice with TRE-515 (Fig. 3a; Fig. S4d, S4f, S5a), TRE-515 had an efficacy
of 29%, 36%, 45%, and 45%. In the two experiments in which we therapeutically treated
female MOG3s_s5 EAE mice with TRE-515 (Fig. 5a; Fig. S5d), TRE-515 had an efficacy of
34% and 44% although with some notable differences in the kinetics of the response. Within
these experiments, we did not identify a clear dose response for TRE-515 although the dose
range was limited and it could be that nearly equivalent target inhibition occurs across this
range of doses. We do identify notable differences in the efficacy of TRE-515 when we
compare across different sexes and models. At the 75 mg/kg dose, prophylactic TRE-515
treatments of MOG3s_s5 EAE mice had an efficacy of 45% in female mice but 62% in

male mice (Fig. S4d, S4e). At the 75 mg/kg dose, prophylactic TRE-515 treatments had an
efficacy of 45% in female MOG3s_s5 EAE mice but by a non-statistically significant 9% in
female MOG_125 EAE mice (Fig. 4d; Fig. S4d). We cannot readily explain the differences
we see between female and male mice. We speculate that higher doses of TRE-515 may

be required to limit the proliferation of both the T and B cells that drive disease in the
MOG1_125 model compared with just the T cells that drive disease in the MOG35_55 model
(38).
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Cells use two major pathways to synthesize dNTPs for DNA synthesis: the de novo
nucleotide synthesis pathway and the deoxyribonucleoside salvage pathway (18). In the

de novo nucleotide synthesis pathway, dNTPs are synthesized from consumed glucose

and amino acids through a stepwise process. In the deoxyribonucleoside salvage pathway,
complete deoxyribonucleosides are consumed from extracellular space and phosphorylated
to dNTPs. Here we show that the proliferation of B and CD4 T cells in the lymph nodes
and B cells in the spleen at Day 3 post-EAE induction can be blocked by inhibiting dCK,
suggesting that these cells require deoxyribonucleoside salvage for their proliferation under
these conditions. At the same time, we did not identify any innate immune cell types that are
affected by dCK inhibition, even though a number of innate immune cell metaclusters have
similar Ki67 levels as the proliferating B and CD4 T cell metaclusters. Similarly, lifetime
dCK knockout mice develop normally except for a defect in lymphocyte development

(21). These data suggest that innate immune cells and cells other than lymphocytes that
divide during development do not require deoxyribonucleoside salvage. Why certain cell
types require both deoxyribonucleoside salvage and the de novo nucleotide synthesis
pathway while other cell types require only the de novo nucleotide synthesis pathway for
deoxyribonucleotide synthesis remains unclear. However, studies show that thymidine can
block the synthesis of deoxycytidine triphosphate in the de novo pathway via inhibition of
the rate-limiting enzyme ribonucleotide reductase (30). High thymidine levels in the bone
marrow and thymus of adolescent mice relative to other tissues likely shifts developing T
and B cells to using the salvage pathway to maintain adequate deoxycytidine triphosphate
levels (30). We speculate that the same may be true for T and B cells activated in the lymph
nodes of adult mice. Notably, at least in adolescent mice, thymidine levels in the lymph
nodes are similar to thymidine levels in the thymus and bone marrow (30).

It remains to be determined how blocking dCK limits B and CD4 T cell activation-induced
proliferation in the MOG3s_55 EAE mouse model. However, lack of dCK in rapidly
proliferating Hardy fraction B-C B cell progenitors, DN3b T cell precursors, and nucleated
erythroblast erythrocyte precursors yields lower levels of deoxycytidine triphosphates and
promotes replication stress, cell cycle arrest at early S phase, and blocked proliferation (30).
One hypothesis is that these same mechanisms are present in mature, naive B and T cells
and are activated in response to dCK inhibition during activation-induced proliferation of

B and T cells. We do not identify a change in the total number of red blood cells in mice
treated for up to 28 days with TRE-515 suggesting that deoxyribonucleoside salvage does
not contribute significantly to maintaining erythrocyte levels after development. Testing this
and other hypotheses will be the subject of future studies.

Most approved MS therapies have been tested in MOG3s_55 EAE mice, which allows us to
compare the preclinical efficacy of TRE-515 to approved therapies in this model. Efficacy
can be evaluated as described above and compared across treatments. When treatments

are started at disease induction, TRE-515 has a median efficacy of 45% compared to
leflunomide (a metabolic precursor of teriflunomide) with a median efficacy of ~25%,
Interferon B with a median efficacy of ~40%, dimethyl fumarate with a median efficacy

of ~40%, glatiramer acetate with a median efficacy of ~65%, and fingolimod with a

median efficacy of ~70% (46—64). When treatments are started at symptom onset, TRE-515
has a median efficacy of 39% compared to Interferon g with a median efficacy of 0%,
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teriflunomide with a median efficacy of 0%, dimethyl fumarate with a median efficacy of
~35%, fingolimod with a median efficacy of ~35%, and glatiramer acetate with a median
efficacy of ~65% (46-50,65-69). The efficacy of a therapy in patients with MS will be
surely different than the efficacy of that therapy in the MOG35_55 EAE model for many
reasons including differences in underlying biology and the achievable dose of a therapy
in patients. Nevertheless, these and our studies provide early data to suggest that TRE-515
is similarly efficacious in the MOG3s_55 EAE model to other approved therapies that have
reached the clinic and have a measurable impact of MS patients.

Enzymes in nucleotide synthesis pathways are effective targets for limiting clinical
symptoms both in the MOG35_55 EAE mouse model as well as in patients with MS although
to date all nucleotide synthesis inhibitors have targeted the de novo nucleotide synthesis
pathway. The clinical inhibitor teriflunomide inhibits dihydroorotate dehydrogenase, an
enzyme in the de novo pyrimidine biosynthesis pathway that converts dihydroorotate to
orotate (9). The clinical inhibitor cladribine is a prodrug that accumulates in cells and is
phosphorylated to cladribine diphosphate and cladribine triphosphate. Cladribine likely has
multiple mechanisms-of-action but one proposed mechanism includes reversible inhibition
of ribonucleotide reductase by cladribine diphosphate and triphosphate (11). Ribonucleotide
reductase catalyzes the reduction of ribonucleotide diphosphates to deoxyribonucleotide
diphosphates (18). How targeting enzymes in the de novo nucleotide synthesis pathway will
compare to targeting dCK in the deoxyribonucleoside salvage pathway with respect to both
efficacy and side effect profiles in MS patients will only be determined in clinical trials.
However, [18F]CFA PET imaging of human subjects demonstrates that deoxyribonucleoside
salvage activity is largely concentrated in the lymphoid organs in humans (24), suggesting
that on-target side effects in patients — if any exist — may be limited to effects on the immune
system.

Conclusions:

Here we show that pharmacological inhibition of dCK can block B and CD4 T cell
activation-induced proliferation and limit symptoms in a mouse model of the autoimmune
disease MS without decreasing the levels of other immune cell populations including naive
T and B cells and innate immune cells. In doing so, we define a potential new target for
treating patients and modulating symptoms in MS. Most proteins and pathways that prove
to be effective targets for immunomodulation in one autoimmune disease are subsequently
shown to be effective targets in additional autoimmune diseases. B and T cells are also
important contributors to many different autoimmune diseases including systemic lupus
erythematosus and inflammatory bowel disease (70,71). Although it remains to be formally
tested, based on the proposed mechanism-of-action of TRE-515 in the EAE model, we
would hypothesize that TRE-515 may have efficacy across a wide range of autoimmune
diseases and could represent a new type of immunomodulatory drug.
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dCK deoxycytidine kinase
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CyTOF mass cytometry

CNS central nervous system

MHC major histocompatibility complex

dNTPs deoxyribonucleoside triphosphates

PET positron emission tomography

[18F]FAC 1-(2’-deoxy-2’-[*8F]fluoroarabinofuranosyl)cytosine
[18F]CFA 2-chloro-2’-deoxy-2’-[18F]fluoro-9-B-D-arabinofuranosyl-adenine
ATM ataxia telangiectasia mutated

ATR Ataxia telangiectasia and Rad3-related

UCLA University of California, Los Angeles

MOG35_55 Myelin oligodendrocyte glycoprotein peptide fragment 35 — 55
CFA Complete Freund’s Adjuvant

BID twice-a-day
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Fig. 1: Deoxyribonucleoside salvage is upregulated in the spleen and lymph nodes throughout
disease in MOG35_55 EAE mice.

(a) Representative transverse PET/CT images and (b) quantification of [18F]FAC
accumulation in the spleen and lymph nodes of EAE mice pre- and post-induction. Spleens
and lymph nodes encircled in a white dotted line. (c) £x vivoaccumulation of deoxycytidine
in immune cells isolated from the lymph nodes of EAE mice pre- and post-induction.

Data in this and subsequent figures represent mean £ SEM. *: P<0.05; **: P<0.01; ****:
P<0.0001.
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Fig. 2: TRE-515 blocks deoxyribonucleoside salvage activity in the spleen and bone marrow.

(a) Representative transverse PET/CT images and (b) quantification of [18F]FAC
accumulation in the spleen and bone marrow of mice treated with vehicle or TRE-515

(150 mg/kg QD). Spleens and bone marrow encircled in a white dotted line. (c) Percent of
CD45™ cells for each major immune cell class in the spleen and bone marrow of mice treated
with vehicle or TRE-515 (150 mg/kg QD). *: P<0.05; ***P<0.001.

Immunology. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chen et al.

(@),

w
1

—_

1

Mean clinical sco
N

Page 23
- Vehicletreated . .. (b) 504 —=* , () 100 —- Vehicle treated
% TRE-515 treated —————— o ¢ ¢ mm Vehicle treated ) -~ TRE-515 treated
e BN TRE-515treated @ £
S 40- . 05
@ 4 EQ
g 307 S s0-
s < o 50
8 204 S =
g 2o
S 104 & s
o 3
0‘ 0 T
7 14 21 28 0 7
Days post-induction Days post-induction

(d) Vehicle treated  TRE-515 treated

»
it

Luxol Fast
Blue

100 uM

Fig. 3: TRE-515 limits clinical symptoms in MOGg35_55 EAE mice when treatments are started at
disease induction.

(a) Mean clinical score, (b) cumulative score, and (c) percent of mice without symptoms in
MOG35_55 EAE mice treated with vehicle or TRE-515 (150 mg/kg QD) starting on Day 1
post-EAE induction. Arrow denotes time point when treatments were initiated. (d) Spinal
cord sections from Day 21 post-induction EAE mice treated with vehicle or TRE-515 (150
mg/kg QD) starting on Day 1 post-EAE induction stained with a CD45 antibody (fgp) or
with Luxol fast blue (bottom) to detect myelin. Arrows denote areas of significant leukocyte
infiltration or demyelination. **: P<0.01; ***: P<0.001.
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Fig. 4: Deoxyribonucleoside salvage is upregulated and TRE-515 blocks clinical symptoms in
MOG1_125 EAE mice.

(a) Representative transverse PET/CT images and (b) quantification of [18F]FAC
accumulation in the spleen, lymph nodes, brain, and spinal cord of MOG1_1,5 EAE mice
pre-induction and 14 days post-induction. Spleens, lymph nodes, brains, and spinal cords
encircled in a white dotted line. MOG1_125 EAE mice were treated daily with vehicle or
(c) TRE-515 (150 mg/kg QD) or (d) TRE-515 (75 mg/kg BID) starting on Day 1. Arrows
denote time point when treatments were started. *: P<0.05; ***: P<0.001.
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Fig. 5: TRE-515 limits clinical symptoms in MOG35_55 EAE mice when treatments are started
after the onset of symptoms.

(a) Mean clinical score and (b) cumulative score of MOGs35_55 EAE mice treated with
vehicle or TRE-515 (150 mg/kg QD) starting on Day 11 post-EAE induction when all the
mice had reached a clinical score of 1 or greater. Arrow denotes time point when treatments
were initiated. (c) Spinal cord sections from Day 28 post-induction EAE mice treated with
vehicle or TRE-515 (150 mg/kg QD) starting at Day 11 post-EAE induction and stained
with a CD45 antibody (fgp) or with Luxol fast blue (botftom) to detect myelin. Arrows
denote areas of significant leukocyte infiltration or demyelination. *: P<0.05; **: P<0.01;
***: P<(.001; ****; P<0.0001.
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Fig. 6: TRE-515 treatment blocks B and CD4 T cell activation-induced proliferation in EAE
mice.

(a) Percent of MOGg3g_sg tetramer and control tetramer stained CD4 T cells in naive mice,
vehicle-treated EAE mice, and TRE-515-treated EAE mice (150 mg/kg QD). In cells from
the lymph nodes of EAE mice treated with vehicle or TRE-515 (150 mg/kg QD), 3 days
post-induction: (b) Metaclusters (MC) for which the percent of cells in that metacluster
was significantly affected by the TRE-515 treatment. (c) Median expression levels of
CD62L, CD69, CD39, CD44, and Ki67 in T cell metaclusters. (d) Median expression
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levels of CD69, CD138, and Ki67 in B cell metaclusters. In cells from the spleens of
EAE mice treated with vehicle or TRE-515 (150 mg/kg QD), 3 days post-induction: ()
Metacluster for which the percent of cells in that metacluster was significantly affected by
the TRE-515 treatment. (f) Median expression levels of CD69, CD138, and Ki67 in the B
cell metaclusters. **: P<0.01; ***: P<0.001; ****: P<0.0001.
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Fig. 7: TRE-515 treatment leads to more naive CD4 T cells, fewer activated CD4 T cells, and
fewer memory CD4 T cells after nine days of treatment.

In cells from the lymph nodes of EAE mice treated with vehicle or TRE-515 (150 mg/kg
QD), 10 days post-induction: (a) Metaclusters for which the percent of cells in that
metacluster was significantly affected by the TRE-515 treatment. (b) Median expression
levels of CD62L, CD69, CD39, CD44, and Ki67 in CD4 T cell metaclusters. In cells
from the spleens of EAE mice treated with vehicle or TRE-515 (150 mg/kg QD), 10 days
post-induction: (c) Metaclusters for which the percent of cells in that metacluster was
significantly affected by the TRE-515 treatment. (d) Median expression levels of CD62L,
CD69, CD39, Ki67, and CD44 in CD4 T cell metaclusters. **: P<0.01; ****: P<0.0001.
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Table 1:

Markers and antibodies used for the CyTOF analyses

Label Target Clone Source
89Y CD45 30-F11 Fluidigm
115In Ki67 SolAl5 eBioscience
141Pr TNFa MP6-XT22 Fluidigm
142Nd CD39 24DMS1 Fluidigm
143Nd CD69 H1.2F3 Fluidigm
144Nd L2 JES6-5H4 Fluidigm
145Nd CD4 RM4-5 Biolegend
146Nd CD150 W19132B Biolegend
147Sm CD163 S150491 Biolegend
149Sm CD19 6D5 Fluidigm
150Nd Ly6C HK1.4 Biolegend
151Eu Ly6G 1A8 Biolegend
152Sm CD3e 145-2C11 Fluidigm
153Eu CD335 29A1.4 Fluidigm
155Gd CD25 3C7 Biolegend
156Gd CD14 Sal4-2 Fluidigm
159Th TCRyS& GL3 Fluidigm
160Gd CD62L MEL-14 Biolegend
161Dy iNOS CXNFT Fluidigm
162Dy CD366 RMT3-23 Fluidigm
163Dy CD138 281-2 Biolegend
164Dy CD197 4B12 Fluidigm
165Ho0 IFNy XMG1.2 Biolegend
167Er GATA3 TWAJL Fluidigm
168Er CD8a 53-6.7 Biolegend
169Tm TBET 4B10 Biolegend
170Er CD192 475301R R&D
171Yb Granzyme B QA16A02 Biolegend
172Yb CD11B M1/70 Biolegend
173Yb CD44 IM7 Biolegend
174Yb | MHCII (IA/IE) | M5/114.15.2 Biolegend
175Lu CD127 ATR34 Biolegend
176Yb CD45R RA3-6B2 Biolegend
209Bi CD11C N418 Fluidigm
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