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First-in-Human Study in Healthy Subjects with the Noncytotoxic
Monoclonal Antibody OSE-127, a Strict Antagonist of IL-7Ra

Nicolas Poirier,*,1 Irène Baccelli,*,1 Lyssia Belarif,* Riad Abès,* Géraldine Teppaz,*
Caroline Mary,* Sonia Poli,† Claudia Fromond,* Isabelle Girault,* Sabrina Pengam,*
Emilienne Soma,* Fanny De Sa,* Jean-Pascal Conduzorgues,* Cécile Braudeau,‡,§

Regis Josien,‡,§ Bram Volckaert,{ Dominique Costantini,* and Frédérique Corallo*

OSE-127 is a humanized mAb targeting the IL-7Ra-chain (CD127), under development for inflammatory and autoimmune disease
treatment. It is a strict antagonist of the IL-7R pathway, is not internalized by target cells, and is noncytotoxic. In this work, a first-in-human,
phase I, randomized, double-blind, placebo-controlled, single-center study was carried out to determine the safety, pharmacokinetics,
pharmacodynamics, and immunogenicity of OSE-127 administration. Sixty-three healthy subjects were randomly assigned to nine
groups: six single ascending dose groups with i.v. administration (0.002�10 mg/kg), a single s.c. treatment group (1 mg/kg), and two
double i.v. injection groups (6 or 10 mg/kg). Subjects were followed during <146 d. OSE-127’s pharmacokinetic half-life after a single
dose increased from 4.6 (1 mg/kg) to 11.7 d (10 mg/kg) and, after a second dose, from 12.5 (6 mg/kg) to 16.25 d (10 mg/kg). Receptor
occupancy was $95% at doses $0.02 mg/kg, and this saturation level was maintained >100 d after two i.v. infusions at 10 mg/kg. IL-7
consumption was inhibited by OSE-127 administration, as demonstrated by a decreased IL-7 pathway gene signature in peripheral
blood cells and by ex vivo T lymphocyte restimulation experiments. OSE-127 was well tolerated, with no evidence of cytokine-release
syndrome and no significant alteration of blood lymphocyte counts or subset populations. Altogether, the observed lack of significant
lymphopenia or serious adverse events, concomitant with the dose-dependent inhibition of IL-7 consumption by target cells, highlights
that OSE-127 may show clinical activity in IL-7R pathway�involved diseases. The Journal of Immunology, 2023, 210: 1�11.

Interleukin-7 is a limiting cytokine that is constitutively pro-
duced by stromal cells in nonhematological tissues (such as the
lungs, skin, and intestine), as well as by lymphoid tissues (bone

marrow and thymus), and by lymphatic endothelial cells (1�3). It is
required for the ontogeny of T cells and lymphoid structures and is
needed to maintain their survival, proliferation, and immune homeo-
stasis (3�5). More specifically, IL-7 is key for the generation of
memory T cells (6, 7) and the long-term maintenance of CD41 and
CD81 central and effector memory T cells (8�11). It also stimulates
cytotoxic activity of CD81 T cells (12), imprints some tissue-homing
specificity on T cells (13, 14), and can act via CD41 T cells and
monocytes to increase B cell activation (15).
IL-7 signals through cell surface IL-7R, which comprises two

subunits: the IL-7Ra-chain (CD127) and the common cytokine
receptor IL-7Rg-chain (CD132, gc, IL-2RG) (16). The heterodimeri-
zation of CD127 with CD132 is required for IL-7�induced signal-
ing. More specifically, IL-7 interacts with domain D1 of CD127
(site 1) and domain D1 of CD132 (site 2a); in addition, CD127 and
CD132 interact together through their D2 domains (site 2b), stabilizing
and forming an active IL-7/CD127/CD132 ternary complex (17, 18).
Upon activation, IL-7R delivers proliferative and antiapoptotic signals,
primarily by activating the JAK-STAT pathway and inducing the

expression of the antiapoptotic protein BCL-2 (2, 4, 19). CD127 is
also a component of the thymic stromal lymphopoietin (TSLP) recep-
tor and is required for competent TSLP signaling (20).
Naive and even more so memory T lymphocytes express high

levels of CD127, whereas naturally occurring regulatory T cells (Tregs)
express low levels of CD127 (21). This differential expression consti-
tutes a unique opportunity to selectively target pathogenic effectors
while preserving natural regulators. Indeed, high expression of the
IL-7/IL-7R pathway associates with numerous diseases (22), includ-
ing among others inflammatory bowel diseases (13, 23), type 1 dia-
betes (24, 25), rheumatoid arthritis (26�28), psoriasis (29), primary
Sjögren’s syndrome (30, 31), acute lymphoblastic leukemia (32�36),
and multiple sclerosis (37, 38). Additionally, genome-wide studies
revealed genetic variants of IL-7R associating with autoimmune dis-
eases (39, 40). Based on these observations, strategies that target IL-7R
have been developed for the treatment of IL-7R pathway deregulated
diseases (13, 41�43).
OSE-127 is a humanized IgG4 mAb that binds site 1 and site 2b

of CD127, thereby preventing the heterodimerization and subsequent
activation of IL-7R, without impacting TSLP receptor signaling (44).
It is an IgG4 Fc isotype comprising the S228P hinge mutation, which
prevents Fab-arm exchange (45). Importantly, OSE-127 stands out

*OSE Immunotherapeutics, Nantes, France; †Poli Consulting, Geneva, Switzerland; ‡CHU
Nantes, Laboratoire d’Immunologie, Centre d’Immunomonitorage Nantes Atlantique,
Nantes, France; xCHU Nantes, Nantes Université, INSERM, CR2TI UMR 1064, Nantes,
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from previously developed anti�IL-7R mAbs by its absence of
Ab-induced receptor internalization (41, 46), its lack of Ab-dependent
or complement-dependent cytotoxic activity (32, 43, 44), and its lack
of agonist activity on IL-7/IL-7R signaling (41, 44). OSE-127 preclin-
ical studies illustrated its strict antagonist property in the control of
graft-versus-host disease or colitis in humanized mice (13) as well as
in the inhibition of pathogenic memory T cell reactivation in ex vivo
colon explant cultures from inflammatory bowel disease (13) or
Sjögren’s syndrome patients (47). Similarly, OSE-127 (but not par-
tially agonist and antagonist anti�IL-7R mAbs targeting the site 1
epitope only) induced long-term control of memory T cell�dependent
skin inflammation in nonhuman primates (44).
In this study, to our knowledge, we report the first-in-human

administration of OSE-127 through single and multiple ascending
i.v. and s.c. doses to characterize its safety, pharmacokinetics, phar-
macodynamics, and immunogenicity in healthy subjects.

Materials and Methods
Study design

This study is a first-in-human, phase I, randomized, double-blind, placebo-
controlled, single-center study evaluating single and multiple ascending i.v. and s.c.
doses of OSE-127 in healthy subjects. It was approved by the Ziekenhuisnetwerk
Antwerpen Independent Ethics Committee (protocol no. OSE-127-C101; EudraCT
no. 2018-001832-22; ClinicalTrials.gov identifier NCT03980080). The study was
conducted at SGS Life Science Services, Clinical Pharmacology Unit Antwerp,
Antwerp, Belgium, in compliance with Good Clinical Practice guidelines, with
the principles of the Declaration of Helsinki, and in line with European guidelines
for first-in-human clinical trials (EMEA/CHMP/SWP/28367/07 rev.1).

Participants

Eligible male and female subjects gave written informed consent. Key inclusion
criteria were general good health, 18�65 y of age, a weight of at least 50 kg
and not exceeding 100 kg, with a body mass index (BMI) of 19�30 kg/m2.
Exclusion criteria were any significant past medical history or abnormal labora-
tory tests.

Interventions

The test drug was OSE-127 (supplied by the sponsor, OSE Immunotherapeu-
tics, Nantes, France), whereas the comparator drug (matching placebo) was a
20 mM histidine acetate (pH 5.5), 180 mM sorbitol, 50 mM glycine, and
0.02% (w/w) Tween 20 solution. OSE-127 was supplied as 2-ml extractable
volume vials containing 100 mg of OSE-127 (50 mg/ml) in 20 mM histidine
acetate (pH 5.5), 180 mM sorbitol, 50 mM glycine, and 0.02% (w/w) Tween 20.

Reconstitution of the study drug to adjust the concentration before adminis-
tration was performed on the site pharmacy by appropriate dilutions in NaCl
0.9% solution. The sponsor provided a manual with detailed instructions for
study drug preparation to the site. The study drug was prepared by the SGS
pharmacy in accordance with this manual. The pharmacy staff used the ran-
domization list to prepare both the study drug and the placebo, which were
stored below −60◦C and provided to the investigator in a double-blind manner.

The doses were initially selected based on population pharmacokinetic (PK)-
pharmacodynamic (PD) modeling of nonhuman primate data (with allometric
adaptation), and emerging data from the single-dose groups in part 1 of the study
were later included to define the dosing interval in double-dose groups of part 2.
The initial dose (minimal anticipated biological effect level, 0.002 mg/kg) corre-
sponded to a modeled CD127 receptor occupancy (RO) at a maximum concen-
tration (Cmax) of ∼20%. Based on exposure and clinical observations from the
GLP toxicology study in monkeys, the maximal dose was determined at 10 mg/kg.

For dose levels #0.2 mg/kg, OSE-127 was administered by i.v. infusion of
10 ml for at least 15 min, after dilution to the correct concentration. For other
dose levels, OSE-127 was administered by i.v. infusion of 100 ml during at
least 60 min, after dilution to the correct concentration. The dose in cohort B
was administered s.c. by injection of a maximal volume of 4 ml (two separate
injections of maximal 2 ml each) after dilution to the right concentration.

Treatment regimens

In part 1, 47 subjects were selected in two different cohorts (cohort A for
single ascending dose [SAD] with six groups of 39 subjects in total and
cohort B with 8 additional subjects) and 16 subjects in part 2 (multiple
ascending dose [MAD]; see Table I). For each treatment period, subjects
were housed at the study center from the day before dosing (day −1) until

the morning of day 3 in parts 1 and 2 as well as from the evening of day 13
until the morning of day 16 for the second dosing in part 2. An interval of at
least 14 d (last to first administration) was applied between all dose levels to
allow a Safety Committee to review the cumulative safety and PK/RO data
from previous dose levels before proceeding to the next dose level.

Part 1: SAD. Cohort A enrolled 39 subjects in one of the six i.v. dose-level
groups: 0.002 mg/kg in group 1, 0.02 mg/kg in group 2, 0.2 mg/kg in group
3, 1 mg/kg in group 4, 4 mg/kg in group 5, and 10 mg/kg in group 6. In
groups 1�3, five subjects were randomized to either OSE-127 or placebo in
a 3:2 ratio so that three subjects received OSE-127 and two received pla-
cebo. In groups 4�6, eight subjects were randomized to either OSE-127 or
placebo in a 6:2 ratio so that six received OSE-127 and two received pla-
cebo. A total of eight subjects were enrolled in cohort B, all comprised
within group 7: the subjects were randomized to either OSE-127 or placebo
administered s.c. in a 6:2 ratio so that six subjects received OSE-127 and
two received placebo.

Part 2: MAD. In part 2, 16 subjects were enrolled in one of the two dose
level groups (8 in each group): 6 mg/kg in group 8 and 10 mg/kg in group
9. Each subject received two administrations of OSE-127 or placebo sepa-
rated by an interval of 14 d.

Cytokine assessment

Blood samples were collected predose and postdose at hours 4 and 96 (day 5)
for the SAD cohort only. Cytokines IFN-g, TNF-a, IL-4, IL-5, IL-6, IL-8,
and IL-12p70 were assayed in serum using a human 7-plex Milliplex kit (no.
HCYTOMAG-60K-07: IL-4, IL-5, IL-6, IL-8, IL-12p70, IFN-g, and TNF-a,
Merck Millipore, Molsheim, France) and quantified using a Luminex
MAGPIX instrument (Luminex, Austin, TX). All experiments were performed
by the BioAnalytical Laboratory of Nantes University Hospital (Centre
d’Immunomonitorage de Nantes Atlantique, Nantes, France), and results
were analyzed by OSE Immunotherapeutics (Nantes, France).

IL-7 and soluble CD127 measurement in serum

IL-7 and soluble CD127 (sCD127) measurement was carried out in groups
1�6 (SAD cohort) at predose and postdose: 4 h, 8 d, and 57 d after OSE-127
or placebo administration. Briefly, for dosage of human IL-7, a human IL-7
Quantikine immunoassay (Bio-Techne, Minneapolis, MN, no. HS750) was
used to measure IL-7 concentration in human sera. The quantitative sandwich
enzyme immunoassay technique was employed. A mAb specific for human
IL-7 (Bio-Techne, no. 890193) was precoated onto a microplate. Standards
and samples were captured by the immobilized Ab. After washing, an
enzyme-linked polyclonal Ab specific for human IL-7 (Bio-Techne, no.
890194) was added to the wells. Following washing, a substrate solution was
added to the wells. After an incubation period, an amplifier solution was
added, and OD at 490 nm with a wavelength correction at 650 or 690 nm
was measured by a spectrophotometer reader (Tecan, Männedorf, Switzerland).
For dosage of human soluble IL-7Ra-chain (sCD127), anti-CD127 clone
human IL-7R-M21 Ab (BD Biosciences, no. 552853, which does not com-
pete with OSE-127 for binding to CD127) was precoated onto a standard
Multi-Array MSD microplate. To determine total sCD127, standards and
samples were spiked with an excess of OSE-127 (1 mg/ml final) and cap-
tured by the immobilized Ab. To determine the amount of sCD127/OSE-127
complexes, only standards were spiked with an excess of OSE127 (1 mg/ml).
After washing, the sCD127/OSE-127 complexes were revealed with an anti-
human IgG4-SULFO-TAG Ab (Thermo Fisher Scientific, Waltham, MA,
no. MA5-16716). Following washing, reading buffer was added to the wells
and luminescence was measured on an MSD reader.

PK analysis

Serial blood samples for PK assessment were collected at the following time
points relative to infusion start time within both SAD and MAD parts: pre-
dose and postdose at hours 0.5, 0.75, 1, 2, 4, 8, 12, and 24 (day 2) and at
days 3, 5, 8, 15, 29, 43, and 57 and every other 2 wk until the last follow-up
visit of each dose level, when all subjects of the group had reached a RO
#20%. Concentrations of OSE-127 in serum were determined by a qualified
vendor (SGS Lab, Poitiers, France) using a validated ELISA-like electroche-
miluminescence immunoassay/Meso Scale Discovery method on an MSD
Sector Imager 6000 (MSD, Gaithersburg, MD). The laboratory analysis was
carried out following the principles of Good Laboratory Practice regulations
of the Organization for Economic Cooperation and Development by SGS
Lab (Poitiers, France) using Phoenix WinNonlin 6.2 or higher (Pharsight,
Palo Alto, CA). The lower limit of quantification and the upper limit of
quantification for OSE-127 during the intrarun and interrun evaluations were
determined as 31.3 and 2000 ng/ml, respectively. The mean precision (percent
coefficient of variation) was <17.00% and the mean accuracy was within
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91.35�102.62%. A standard curve was constructed, enabling sample concen-
trations to be estimated by interpolation from the fitted curve.

PD analysis

Blood samples were collected at the same time points as PK analyses for IL-7
RO (CD127 RO), using a fit-for-purpose validated flow cytometry assay carried
out by a qualified vendor (SGS Lab, Poitiers France). Free receptors on cell
surface were measured by using a competitive Ab of the test item and, in paral-
lel, the total amount of receptors available was determined using a noncompeti-
tive Ab. Abs used were as follows: Pacific Blue mouse anti-human CD3, clone
SP34-2, BD Biosciences (no. 558124), PE mouse anti-human CD127, clone
HIL-7R-M21 (noncompeting Ab, to determine total CD127), BD Biosciences
(no. 557938), and Alexa Fluor 647 mouse anti-human CD127, clone A019D5
(competing Ab, to detect free CD127), BioLegend (no. 351318). CD127 occu-
pancy by OSE-127 on subject blood cells was then calculated for each subject
by performing the ratio between the percent positive cells or the mean fluores-
cence intensity of the cell population of interest. Intradonor replicate precision
and interdonor precision were inferior to 30% (coefficient of variation).

Peripheral T lymphocyte subpopulations and activation status were assessed
by flow cytometry on whole blood. Blood samples were harvested at t0
and days 15 and 57 after i.v. infusion in the SAD cohort, part 1 and at t0
and days 8, 22, and 30 after the first i.v. administration in the MAD
cohort and then immediately frozen in CryoStor CS10 freezing solution
(Biolife Solutions, STEMCELL Technologies, Grenoble, France) as pre-
viously described (48). Samples were thawed and stained for CD45, CD3,
CD45RA, CD4, CD8, CD25, CD27, CD28, PD1, and CCR7 markers with
DURAClone T cell tubes (Beckman Coulter, Roissy, France) to define the fol-
lowing subpopulations: naive T cells, activated T cells, memory T cells, central
memory T cells, effector memory T cells, and resting effector memory T cells,
in the CD41 and CD81 compartments. Natural Tregs were also recorded using
DURAClone Treg tubes (Beckman Coulter) containing Abs to CD45, CD3,
CD4, CD25, and FOXP3 with the addition of CD127-allophycocyanin-R700 Ab
(clone human IL-7R-M21, BD Biosciences, Le Pont De Claix, France). Samples
were analyzed using a CytoFLEX flow cytometer (Beckman Coulter) by the
BioAnalytical Laboratory (Centre d’Immunomonitorage de Nantes Atlan-
tique, Nantes, France) and analyzed by OSE Immunotherapeutics (Nantes,
France).

Standard laboratory tests were performed by the ZNA Middelheim labo-
ratory (Antwerp, Belgium).

The potential effect of OSE-127 on IL-7 consumption by blood cells was
investigated ex vivo, monitored through evaluation of the IL-7�induced pre-
vention of T cell apoptosis. Briefly, human PBMCs from healthy subjects
were harvested at day 3 after a single i.v. administration of OSE-127 or
placebo and were cultured ex vivo with autologous serum (also harvested
at day 3). Research-grade human recombinant IL-7 (Miltenyi Biotec,
Bergisch Gladbach, Germany, no. 130-095-367) was added at different con-
centrations (5, 20, or 50 ng/ml) and, after homogenization, PBMCs were cul-
tivated for 12 d. Analysis of live cells per well at day 12 of culture was
performed by flow cytometry (LSR II, BD Biosciences, Franklin Lakes, NJ) using
the cell proliferation dye eFluor 450 (eBioscience, San Diego, CA, no. 65-0842-85,
batch 1979389) and the following Abs, following the manufacturer’s instruc-
tions: FITC-labeled anti�annexin V (BD Biosciences, no. 556419, batch
7209930), PE-labeled anti-human CD3 (BD Biosciences, no. 555340, batch
8162560, clone HIT3a), allophycocyanin-labeled anti-human CD45RA (BD
Biosciences, no. 550855, batch 8029741, clone HI100), and PE-Cy5�labeled
anti-human CD25 (BD Biosciences, no. 555433, batch 412964, clone M-A25).

Immunogenicity assessment

Blood samples for anti�OSE-127 Ab detection were collected in both SAD
and MAD parts at screening and on day 1 (predose), days 15, 29, 43, and
57, and every other week up to day 141. The titration of anti�OSE-127 Abs
(anti-drug Ab [ADA]) in serum was performed using a validated electroche-
miluminescence immunoassay. The method used an acidic treatment of the
serum samples to allow, when necessary, dissociation of OSE-127/ADA fol-
lowed by a single-step assay bridging format whereby ADAs are captured in
solution by a combination of biotinylated and SULFO-TAG�labeled forms of
OSE-127. Complex formation was subsequently detected by ECL on the MSD
platform. Using sCD127 IgG4 (human IL-7RA/CD127 protein [His/Fc tag])
supplied from Sino Biological and purchased from Interchim (no. 10975-
H03H) as a positive control, the sensitivity level of the assay was 1.00 ng/ml
and the mean drug tolerance was 3.53 mg/ml at the sensitivity level.

Statistical analysis

No formal power calculation was performed to determine sample size because
this study did not aim to test a statistical hypothesis, but rather aimed to explore
safety, tolerability, and PK of a new molecule for the first time in humans
while exposing a minimum number of subjects. Based on precedent sets by

other phase I studies similar in design, a sample size of 63 healthy volun-
teers was deemed sufficient to meet the objectives of the protocol. All statis-
tical calculations were performed by SGS LS using the SAS (SAS Institute,
Cary, NC; version 9.4 or higher) software for statistical computations and
for graphical purposes. WinNonlin Phoenix 8.0 (Pharsight, Palo Alto, CA)
was used for calculations of PK and PD parameters.

RNA sequencing analyses

For IL-7 signature identification on ex vivo�treated human PBMCs, RNA
sequencing (RNA-seq) results are accessible in the Gene Expression Omnibus
under the accession number GSE103643 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE103643), and the methods for data generation were previ-
ously reported (44).

OSE-127 signature RNA-seq data are accessible in the Gene Expression
Omnibus under accession number GSE224046. For OSE-127 signature iden-
tification on in vivo�treated human PBMCs, a total of 48 blood samples
were collected in Paxgen tubes: 22 samples were drawn preadministration of
OSE-127 (10 mg/kg) or placebo, 22 paired samples were collected on day
15 after administration, and 4 paired samples were collected on day 57. One
sample did not pass quality control and was removed from the study. RNA
with rRNA and globulin depletion was 150-bp end sequenced on an Illumina
HiSeq by Genewiz (Chelmsford, MA). Raw fastq files were quality checked
by FastQC. Reads were pseudoaligned to CRGh38/hg38 using Salmon
with the index preparation option genecode, and raw counts, as well as nor-
malized TPM reads for each gene, were generated using Salmon with the
option geneMap. Pseudo mapping quality reads were evaluated using
FastQC, with an average of 20�30 million reads with >90% bases $30 for
all samples.

DESeq2 was used for differential gene expression analysis with the raw count
table from Salmon using the DESeq2_1.30.0 package in R version 4.0.3 (2020-
10-10). The analysis used time point and patient ID in the study design to com-
pare two time points for each paired samples (design 5 ∼Screening_number 1
Time). Genes with a Benjamin�Hochberg-adjusted p value <5% and fold
change >1 were considered as differentially expressed. Subsequently, single-
sample gene set enrichment analysis (ssGSEA) scores were computed
using the GSVA R package based on the ssGSEA method (by setting the
“ssgsea.norm” parameter to TRUE), as previously described (49, 50).

Reverse transcription�quantitative PCR

Reverse transcription with the SuperScript i.v. VILO master mix with ezDNASE
(Thermo Fisher Scientific, Waltham, MA, no. 11766050) was performed to
obtain cDNA with a DNase treatment to eliminate genomic DNA. TaqMan
Fast advanced master mix (5 ml; Thermo Fisher Scientific, no. 4444557)
and TaqMan probes were used on a ViiA 7 real-time analyzer to quantify
each gene and housekeeping genes. The sum of the −DCt normalized to the
TBP housekeeping gene was calculated and used as a signature.

Results
Participant flow

The study was conducted in a single clinical center from November
30, 2018 to November 4, 2019. A total number of 63 subjects was
divided over two study parts (Table I): a SAD study (part 1) and a
MAD study (part 2). In part 1, cohort A, 27 subjects were administered
a single i.v. dose of OSE-127 (ranging from 0.002 to 10 mg/kg, groups
1�6), and 12 subjects were administered a single i.v. dose of placebo.

Table I. Treatment regimens

Dose (mg/kg)
OSE-127

(45 subjects)
Placebo

(18 subjects)

Part 1, cohort A, single ascending dose (i.v.)
Group 1 0.002 3 2
Group 2 0.02 3 2
Group 3 0.2 3 2
Group 4 1 6 2
Group 5 4 6 2
Group 6 10 6 2

Part 1, cohort B, single ascending dose (s.c.)
Group 7 1 6 2

Part 2, multiple ascending dose (i.v.)
Group 8 6 6 2
Group 9 10 6 2
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In part 1, cohort B, six subjects were administered a single s.c. dose of
OSE-127 (1 mg/kg, group 7) and two subjects were administered a sin-
gle s.c. dose of placebo. In part 2, 12 subjects were administered two
i.v. doses of OSE-127 (6 or 10 mg/kg, groups 8 and 9, respectively),
and 4 subjects were administered two i.v. doses of placebo, separated
by an interval of 2 wk. A sentinel dose approach was applied for each
group, that is, two subjects were dosed, followed by the remaining sub-
jects of the group 24 h later (total 2 d). One of the two subjects of day
1 was randomized to receive placebo.
All subjects in part 1 and part 2 received the study drug or placebo

according to the randomization list. They all completed the study and
were included in the safety analysis. The blinding code was not bro-
ken by the investigator or the sponsor for any of the subjects included
in the study.

Baseline data

Subject demographics are shown in Table II. All subjects’ age,
weight, and BMI fell within the inclusion criteria defined in the pro-
tocol. Overall, the data did not differ meaningfully between the two
different arms in both parts. The flow of assessments at screening
and day −1 is shown in Supplemental Table I.

Safety

No death, other serious adverse event, or treatment-emergent adverse
event (TEAE) leading to study discontinuation occurred during the
study. All TEAEs reported in part 1 and 2 of the study were of grades
1 or 2 in severity (Table III).
No remarkable differences or dose-dependent trends in adverse

event incidence could be observed between the different doses of
OSE-127 and placebo, or between i.v. and s.c. administration of
OSE-127. In part 1, 22 subjects (56.4%) of cohort A and 3 subjects
(37.5%) of cohort B experienced at least one TEAE, which was
considered as treatment-related for 13 (33.3%) subjects of cohort A
and 1 subject of cohort B. In part 2, 11 subjects (68.8%) experi-
enced at least one TEAE, with treatment-related TEAEs reported in
5 (31.3%) subjects. In both parts, the most frequently reported treat-
ment-related TEAE was headache (nine subjects [23.1%] in cohort
A and three subjects [18.8%] in part 2).
No remarkable difference or dose-dependent trend in laboratory

values over time could be observed between the several OSE-127
doses and placebo or between i.v. and s.c. administration of OSE-127
in part 1 or 2. Most treatment-emergent laboratory abnormalities were
observed in one or two subjects per group.
In parts 1 and 2, changes over time in vital signs and electrocar-

diogram parameters were generally small, and no clinically relevant
no dose-dependent trends or differences with placebo were apparent.

Pharmacokinetics

Fig. 1A illustrates the OSE-127 concentration-time data for all dose
groups. Despite a nonsignificant dose proportionality of area under
the curve (AUC)t observed in cohort A (groups 1�6, i.v. administra-
tion, OSE-127 0.002�10 mg/kg doses), an increase of dose-normal-
ized AUCt was measured between 0.02 and 1 mg/kg, whereas dose-
normalized AUCt seemed stable between 4 and 10 mg/kg, alto-
gether indicative of a target-mediated drug disposition process at
lower doses. Terminal elimination half-life increased from 111 to
280 h over the dose range of 1�10 mg/kg in single administration
up to 300 and 390 h after the second dose of OSE-127 at 6 and
10 mg/kg respectively. Approximate dose proportionality for Ctrough,
Cmax, AUClast, and AUCt was observed after two i.v. infusions of
OSE-127 from 6 to 10 mg/kg (part 2, groups 8 and 9). The accumu-
lation ratio was ∼1.50 for AUCt and ∼1.25 for Cmax.

Pharmacodynamics

Dose-dependent CD127 RO on peripheral T lymphocytes was
observed after OSE-127 infusion. Following a single administration,
CD127 was quickly saturated with RO $95% at the first sampling
time after the end of infusion (0.5 h) from the dose of 0.02 mg/kg
(Fig. 1B). CD127 RO area under the effect (versus time curve over
the dosing interval) increased with ascending single i.v. doses from
0.02 to 10 mg/kg, and the median duration of CD127 RO >95%
(tabl) and >20% (tEmin) was longer for higher doses. The same trend
was observed after multiple i.v. doses (MAD part). CD127 RO area
under the effect increased with ascending OSE-127 AUClast and
AUCt. Importantly, CD127 expression over time measured by flow
cytometry on peripheral T lymphocytes (Fig. 2A) was stable after
the administration of OSE-127, thus confirming that the mAb does
not induce the internalization of IL-7R. Total lymphocyte counts
monitored throughout the study remained within the physiological
range, thus confirming that the mAb does not induce depletion of
T cells (Fig. 2B). More specifically, flow cytometry analysis indicated
that CD31 (Fig. 2C), CD41 (Fig. 2D), and CD81 (Fig. 2E) T cell
frequencies were maintained following OSE-127 administration. Fur-
thermore, no significant alteration was observed in the frequencies of
effector, central, effector memory, and naive cells, neither in the CD8
(Fig. 3) nor in the CD4 compartments (Fig. 4).
In addition, monitoring of cytokine levels (TNF-a, IFN-g, IL-12p70,

IL-8, IL-6, IL-5, and IL-4) in the serum of participating subjects
following both single and double administrations of OSE-127 demon-
strated no significant impact on cytokine levels with no clinically rele-
vant elevation of their levels (Fig. 5A�G).
Exploratory biomarker assessment detected an increase in IL-7

serum levels 4 h after single i.v. administration of OSE-127 at doses
$0.2 mg/kg (Fig. 5H). Furthermore, an increase in sCD127 serum
levels was measured 8 d after single i.v. administration of OSE-127
at doses $1 mg/kg (Fig. 5I). Both increases were reversible and
consistent with the elimination pattern of OSE-127. The detected
increase in IL-7 levels is most likely due to a decrease of IL-7 con-
sumption by IL-7R, owing to OSE-127’s antagonist activity. Further
dissection of sCD127 level analysis revealed that only sCD127 com-
plexed with OSE-127 (sCD127/OSE-127) but not free sCD127
increased in subjects’ sera (Supplemental Fig. 1). Once complexed
to OSE-127, the elimination pattern of sCD127 thus became similar
to that of OSE-127. TSLP levels in the serum of subjects were
below detection limits. Altogether, these results are in line with the
current knowledge of the biology of interleukin pathways (51) and
highlight IL-7 and sCD127 as reliable biomarkers for in vivo moni-
toring of OSE-127 activity.

Table II. Subject demographics at baseline

Placebo Total OSE-127

Safety population 18 45
Sex, n (%)

Female 12 (67) 32 (71)
Male 6 (33) 13 (29)

Age (y)
Mean (SD) 50 (8) 49 (12)
Median 53 53
Range 29�59 22�65

Race, n (%)
White 18 (100) 45 (100)
Asian 0 (0) 0 (0)
Black/African American 0 (0) 0 (0)

BMI (kg/m2)
Mean (SD) 25 (2) 25 (3)
Median 25 25
Range 21�30 20�30
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Immunogenicity

Anti�OSE-127 Abs (ADAs) were detected after single (i.v. and s.c.)
and multiple (i.v.) administration from a dose of 0.2 mg/kg and
higher (Supplemental Tables II�IV). ADAs appeared during the

elimination phase of OSE-127, and their occurrence was delayed
with increasing and repeated doses, starting from 1 mo after the first
administration for the lower single doses to almost 3 mo for the
highest repeated dose. In most positive subjects, ADAs were detected

Table III. Summary of TEAEs per treatment in part 1 (cohort A and B) and part 2

Part 1 (SAD), Cohort A

Group (OSE-127 dose) Placebo
Group 1

(0.002 mg/kg)
Group 2

(0.02 mg/kg)
Group 3

(0.2 mg/kg)
Group 4
(1 mg/kg)

Group 5
(4 mg/kg)

Group 6
(10 mg/kg)

All OSE-127�
Treated Subjects

Number (%) with at least one
TEAE 5 (41.7) 2 (66.7) 2 (66.7) 3 (100) 4 (66.7) 4 (66.7) 2 (33.3) 17 (62.9)
Serious TEAE 0 0 0 0 0 0 0 0
Treatment-related TEAE 2 (16.7) 0 2 (66.7) 2 (66.7) 4 (66.7) 2 (33.3) 1 (16.7) 11 (40.7)

TEAE leading to study drug
discontinuation

0 0 0 0 0 0 0 0

Most frequently reported TEAEs
overall (>1 subject)
Headache 1 (8.3) 0 2 (66.7) 1 (33.3) 2 (33.3) 3 (50.0) 1 (16.7) 9 (33.3)
Nasopharyngitis 1 (8.3) 1 (33.3) 0 0 2 (33.3) 0 0 3 (11.1)
Diarrhea 0 0 1 (33.3) 1 (33.3) 1 (16.7) 0 0 3 (11.1)
Nausea 1 (8.3) 0 0 0 1 (16.7) 0 0 1 (3.7)

Part 1 (SAD), cohort B

Group (OSE-127 dose) Placebo
Group 7
(1 mg/kg)

Number (%) with at least one
TEAE 1 (50.0) 2 (33.3)
Serious TEAE 0 0
Treatment-related TEAE 0 1 (16.7)

TEAE leading to study drug
discontinuation

0 0

Part 2 (MAD)

Group (OSE-127 dose) Placebo
Group 8
(6 mg/kg)

Group 9
(10 mg/kg)

All OSE-127�
Treated Subjects

Number (%) with at least one
TEAE 3 (75.0) 4 (66.7) 4 (66.7) 8 (66.7)
Serious TEAE 0 0 0 0
Treatment-related TEAE 1 (25.0) 1 (16.7) 3 (50.0) 4 (33.3)

TEAE leading to study drug
discontinuation

0 0 0 0

Most frequently reported TEAEs
overall (>1 subject)
Headache 1 (25.0) 2 (33.3) 2 (33.3) 4 (33.3)
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for the first time once the elimination of OSE-127 had been almost
complete (e.g., for 70% of the single-dose subjects once the concen-
tration of OSE-127 in the blood was below the lower limit of detec-
tion of 31.3 ng/ml).
No validated assay was available for the assessment of the

neutralizing potential of these ADAs. However, the comparison
between individuals with ADAs and individuals without ADAs
showed on average a similar clearance of the drug as well as
similar RO values.

Ex vivo dose-dependent functional activity of OSE-127

IL-7�induced prevention of T cell apoptosis was next measured on
ex vivo cultures of T lymphocytes isolated from the blood of treated
subjects on days 0 and 3 after i.v. infusion of OSE-127 or placebo.
PBMCs were cultured for 12 d with increasing doses of rIL-7
(0�50,000 pg/ml) and cells were stained with the annexin V apoptotic
marker. Single administration of OSE-127 in healthy volunteers mark-
edly and dose-dependently prevented IL-7�mediated T cell survival,
more efficiently so in effector (CD45RA−) than in naive (CD45RA1)

0 25 50 75 100 125 150
0

1

2

3

4

Time (days)

Ly
m

ph
oc

yt
es

(1
0^

9/
L)

SAD
MAD MAD

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

Group 2 SAD (0.02 mg/kg)
Group 3 SAD (0.2 mg/kg)
Group 4 SAD (1mg/kg)
Group 5 SAD (4 mg/kg)
Group 6 SAD (10 mg/kg)

Placebo SAD

Placebo MAD
Group 8 MAD (2 x 6 mg/kg)
Group 9 MAD (2 x 10 mg/kg)

D0 (pr
e-d

os
ing

)

D1 End
of

do
sin

g

D1 0.5
h
D1 1h

D1 4h
D1 8h D2 D3 D5 D8

D15 D30 D43 D57
0

1

2

3

4
C

D
12

7
ex

pr
es

si
on

(n
or

m
al

iz
ed

M
FI

)

SAD
MAD

MAD

A B

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100 In CD45+ cells

+3
D

C tnecreP

C

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100In CD3+ cells
Pe

rc
en

t C
D

8+
In CD3+ cells

Pe
rc

en
t C

D
4+

D E

FIGURE 2. CD127 expression and lymphocyte monitoring in the blood of treated subjects. (A) CD127 expression (mean fluorescence intensity [MFI]) in
the MAD cohort, normalized to pre-first dose evaluation. (B) Total lymphocyte counts throughout the study. (C) Frequencies of T lymphocytes assessed by
flow cytometry. (D and E) Frequencies of CD8 T cells (D) and CD4 T cells (E) as indicated. Symbols refer to the groups defined in (A), and data are means ±
SEM of n 5 3�6 subjects.

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

10

20

30

40

50

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

D0 D8
D15 D22 D30 D57

0

20

40

60

80

100

Effector / Memory Naive Temra Central / Memory

7
R

C
C tnecreP

-
A

R54
D

C
-

Pe
rc

en
t C

C
R

7+
C

D
45

R
A+

Pe
rc

en
t C

C
R

7-
C

D
45

R
A+

Pe
rc

en
t C

C
R

7+
C

D
45

R
A-

+72
D

C tnecreP Pe
rc

en
t C

D
28

+

Pe
rc

en
t C

D
57

+

Pe
rc

en
t  

PD
1+

B C DA

F G HE

FIGURE 3. Frequencies of CD8 subpopulations of T cells, as indicated. (A�H) CD8 subpopulations. Symbols refer to the groups defined in Fig. 2A, and
data are means ± SEM of n 5 3�6 subjects.

6 IL-7Ra ANTAGONIST OSE-127 PHASE 1 STUDY IN HEALTHY SUBJECTS
D

ow
nloaded from

 http://journals.aai.org/jim
m

unol/article-pdf/doi/10.4049/jim
m

unol.2200635/1586779/ji2200635.pdf by Lucie BEG
ER

T on 22 February 2023



T cells (Fig. 6). These results illustrate in humans the expected bio-
logical effect of OSE-127 with a complete blockade of IL-7 con-
sumption by T cells achieved by a $0.2 mg/kg single i.v. dose.

Dose-dependent transcriptomic modifications

As previously described (44), IL-7 signaling in human PBMCs
induces rapid transcriptomic modifications within a few hours and
the expression of a distinct transcriptomic landscape that can be
detected by RNA-seq. These 45 upregulated and 11 downregulated
genes in IL-7�stimulated samples compared with the unstimulated

samples were selected as genes of interest with an absolute fold change
>1 and a Benjamini�Hochberg-adjusted p value <5% (Fig. 7A, 7B)
and used to calculate an IL-7 ssGSEA signature (IL-7�induced signa-
ture). RNA-seq analysis of PBMCs before (day 0) and after treatment
(day 15) showed that the IL-7�induced gene signature is significantly
decreased in subjects who received 10 mg/kg OSE-127 whereas no
change was observed in the placebo group (Fig. 7C). A differential
gene expression signature performed before and after OSE-127 treat-
ment identified 41 significantly and differentially expressed genes;
among them, six (BCL2, CISH, PTGER2, DPP4, SOCS2, and FLT3LG)
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were inversely and significantly modulated by IL-7 when overlap-
ping signatures (Fig. 7D). This small six-gene signature alone was
sufficient and significantly differentially expressed in PBMCs iso-
lated from the group of 10 mg/kg OSE-127 at day 15 compared with
day 1 (predose), whereas no modification was observed in the pla-
cebo group (Fig. 7C�E). Interestingly, the decrease of this six-gene
signature was sustained overtime as illustrated by samples analyzed

at day 57 (Fig. 7F), in accordance with drug exposure in this group.
The differential expression of four of these six genes (BCL2, CISH,
PTGER2, and DPP4) has been individually validated by quantitative
RT-PCR (Supplemental Fig. 2A�D). Interestingly, this novel four-
gene signature appears to follow a dose-dependent expression, as
assessed by quantitative PCR (qPCR) (Supplemental Fig. 2E). Alto-
gether, these data indicate that qPCR monitoring of BCL2, CISH,
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PTGER2, and DPP4 expression in blood cells represents a robust
and simple means to monitor the biological activity of OSE-127 in
silico and that IL-7�induced gene expression modification is signifi-
cantly inhibited in vivo at single i.v. doses $1 mg/kg.

Discussion
This trial represents the first administration of OSE-127 to humans, a
humanized IgG4 mAb raised against CD127. OSE-127 administration
was well tolerated at all doses tested and not associated with periph-
eral cytokine release or with significant lymphopenia or significant
peripheral T cell subtype modification.
In previous attempts to target IL-7R using anti-CD127 mAbs

(GSK2618960 and PF-06342674/RN168), clinical developments were
stopped and/or complicated by high immunogenicity levels after dos-
ing in humans (41, 42), limiting the possibility to explore clinical
efficacy of IL-7/IL-7R pathway selective inhibition. We previously
reported that, depending on the epitope, several antagonistic anti-CD127
mAbs share a degree of paradoxical agonistic activity associated with
receptor internalization, downstream signaling different from the
JAK-STAT pathway, and subsequent transcriptomic leukocyte modi-
fication (44). In contrast to GSK2618960 and PF-06342674 targeting
the site 1 only epitope and triggering receptor internalization (44, 46,
52), OSE-127 binds site 1 and site 2b of CD127, thereby preventing
the heterodimerization with common g-chain, and it does not induce
receptor internalization with subsequent agonist activity on IL-7R sig-
naling in preclinical studies (44). Furthermore, although GSK2618960
and PF-06342674 are anti-CD127 mAbs of IgG1 isotypes, an IgG4
isotype was chosen to design OSE-127 (bearing the S228P hinge
mutation to prevent Fab-arm exchange [45]) to abolish Fc-mediated
effector functions and to avoid T cell depletion through complement-
dependent cytotoxicity or Ab-dependent cellular cytotoxicity.
OSE-127 administrations were well tolerated, there was no safety

concern, and all TEAEs reported were only of grades 1 or 2 in
severity, with no remarkable difference or dose-dependent trend in
adverse event incidence between the several OSE-127 doses and
placebo. Of note, the maximal doses administered twice in two sub-
jects of the 10 mg/kg dose level group were 857 and 847 mg with
no safety concerns. The PK was nonlinear at low doses as anticipated
with target-mediated drug disposition, but with typical terminal elimi-
nation half-life for therapeutics mAbs, from 4.6 to 11.7 d over the
range of 1�10 mg/kg single injection and up to 16 d after a second
dose at 10 mg/kg. This contrasts with the rapid elimination observed
with previous anti-CD127 mAbs, suggesting that Ab-induced receptor
internalization was associated with accelerated drug elimination:
t1=2 5 2.7 d at 3 mg/kg every 2 wk and 3.5 d at 8 mg/kg every 2 wk
for PF-06342674/RN168 (42) and t1=2 5 2.4 d at 0.6 mg/kg and 5.1 d
at 2 mg/kg for GSK2618960 (41). Complete RO (>95%) has been
measured in peripheral blood with longer duration with higher doses
(up to 30 and 50 d with 4 and 10 mg/kg single doses, respectively)
in accordance with increased PK drug exposure at higher doses. No
significant decrease in blood leukocytes or T lymphocytes has been
observed or any significant alteration of T cell subtype frequencies
despite high drug exposure and full RO over up to 80 d with double
10 mg/kg administrations. This confirms our previous preclinical
observations in nonhuman primates (44, 53) and sharply contrasts
with previous rodent studies using anti-CD127 mAbs, which induced
profound lymphodepletion within a few weeks of therapy (23, 24,
38, 54), suggesting important IL-7 biological differences between
humans/primates and rodents. However, other factors, such as choice
of isotype with and without effector functions, may participate signif-
icantly in the T cell decrease observed with some anti-CD127 mAbs.
Indeed, complete RO for 3 mo in type 1 diabetes with PF-06342674/
RN168 led to a significant decline of both naive (−40%) and

memory (−70%) CD41 and CD81 T cells (42). Whereas ratios of
Tregs to CD41 or to CD8 effectors were increased versus baseline,
the absolute number of Tregs also declined (−50%) at all doses after
a month of treatment. PF-06342674 was estimated to have 20-fold
more potent inhibitory effect on T effector memory cells relative to
Tregs, resulting in a nonmonotonic and bell-shaped curve dose-response
relationship for the Treg/T effector memory ratio, thus complexifying
clinical development and dose/regimen selection (55). Our opposite
observation (compared with PF-06342674/RN168 and GSK2618960)
using the fully antagonist IgG4 OSE-127 Ab at high doses with
confirmed target engagement and decrease of IL-7�induced gene
expression indicates that the T cell decline observed with previous
anti-CD127 mAbs may not solely be explained by IL-7 cytokine depri-
vation. RO has been maintained for only 3 wk with GSK2618960 due
to high immunogenicity, limiting the interpretation of this anti-CD127
mAb on longer IL-7 deprivation signals and T cell numbers in healthy
volunteers (41).
CD127 receptor expression on peripheral blood T lymphocytes

was stable over time after administration of OSE-127 from low to
high doses, thus confirming the absence of Ab-induced IL-7R inter-
nalization in humans, in contrast to previous anti-CD127 mAbs tar-
geting site 1 only (46, 52). ADAs, when present, were apparent in
subjects only after OSE-127 being eliminated from the plasma. Of
course, drug tolerance may interfere with the assay, and thus it is
difficult to estimate the effect of ADAs on PK/PD parameters, even
though no difference was observed in PK or PD parameters between
individuals with and without detectable ADAs. This finding supports the
view that no PK/PD-impacting and neutralizing ADAs were generated
through the present trial. However, this observation also contrasts with
previous site 1�only internalizing anti-CD127 mAbs: GSK2618960
injection in healthy volunteers led to persistent and neutralizing
ADAs appearing after 3 wk in 83 and 100% of subjects administered
0.6 and 2 mg/kg, respectively (41). Although no results were posted
or published to our knowledge with PF-06342674/RN168 phase I
in healthy volunteers of NCT01740609, of the 30 type 1 diabetes
patients treated with PF-06342674/RN168, 73.3% developed ADAs,
of which 54.5% were neutralizing (42). PF-06342674/RN168 evalua-
tion in multiple sclerosis was prematurely terminated by the company,
but the posted results of the clinical trial (NCT02045732) indicated
that three of three subjects administered 0.25 mg/kg of PF-06342674
developed ADAs. Further investigation revealed the presence of
GSK2618960-specific memory B cells in the blood after treatment,
indicating the development of immunological memory for these persis-
tent ADA responses (52). Ex vivo exploration showed that the human
dendritic cell subset treated with GSK2618960 exhibited enhanced acti-
vation and that unintended receptor-mediated internalization, subsequent
agonist activity, and enhanced Ag processing and presentation by den-
dritic cells (56, 57) were the main risk factors contributing to the robust
clinical immunogenicity, as concluded by the authors.
Despite the absence of changes in lymphocyte subset counts and

frequencies and surface markers, the biological activity of OSE-127
could be captured at the transcriptomic level. Assessment of the bio-
logical target-engagement potential of OSE-127 in healthy volunteers
has been made possible by RNA-seq of peripheral leukocytes over
time compared with baseline and cross-analysis with IL-7�induced
gene expression signature upon in vitro stimulation on independent
healthy blood donors not exposed to anti-CD127 mAb (44). A dose-
and time-dependent effect has been observed on the expression of
four IL-7 pathway�related genes, inversely correlated upon exposure
to IL-7 or OSE-127 and associated with the biological effect of IL-7
such as the BCL2 antiapoptotic gene (58�60) or the negative regula-
tor of cytokine signaling CISH (61). Thus, qPCR monitoring of the
expression of only four genes (BCL2, CISH, PTGER2, and DPP4)
in peripheral blood cells represents a robust and simple means to
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monitor the biological activity of OSE-127 in vivo. Peripheral blood
T cell transcriptome RNA-seq analysis before and after treatment
with PF-06342674/RN168 in type 1 diabetes also identified signaling
molecules associated with T cell survival such as BCL2 (42), confirm-
ing the unceasing biological role of IL-7 in regulating T cell apoptosis
in both steady state and inflammatory pathogenic settings. Finally,
OSE-127 did not significantly alter total lymphocyte counts, T cell
phenotype, or lymphocyte subset frequencies. Given that IL-7R may
also regulate migration of primed T cells to target tissues (13, 14),
these data, together with absence of internalization, cytokine release,
and opposite transcriptomic modification induced by IL-7, reinforce
the purely antagonistic activity of OSE-127 in human. It is notewor-
thy that the ethnicity of all participants were white, and therefore all
results may not be transferable to other ethnicities. Further clinical
experience will confirm whether potential theoretical risks such as
decreased lymphocyte count or infusion-related reactions are reported
with prolonged treatment with OSE-127 in patient populations.
In conclusion, to our knowledge, this is the first study to evaluate

the safety, PK, and PD of OSE-127 in healthy subjects. The pre-
sented data provide evidence that IL-7R can be safely and efficiently
blocked with an appropriately designed mAb targeting CD127 without
inducing serious adverse events or target internalization and down-
stream agonist signaling. These findings strongly support further
clinical development of OSE-127, and two phase II clinical trials are
currently ongoing in ulcerative colitis (CoTikiS study: NCT04882007)
and in primary Sjögren’s syndrome (NCT04605978). Further indica-
tions where the IL-7 pathway is involved (1) will be investigated.
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Tchitchek, M. Mingueneau, N. Smith, et al. 2021. Interleukin-7/interferon axis
drives T cell and salivary gland epithelial cell interactions in Sjögren’s syndrome.
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