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Visual Abstract

IMPORTANCE Psoriasis relapse may involve compensatory T-cell activation pathways in the Editorial

presence of CD28-CD80/CD86 blockade with abatacept.
Supplemental content
OBJECTIVE To determine whether costimulatory signaling blockade with abatacept prevents

psoriasis relapse after ustekinumab withdrawal.

DESIGN, SETTING, AND PARTICIPANTS Psoriasis Treatment with Abatacept and Ustekinumab:
a Study of Efficacy (PAUSE), a parallel-design, double-blind, placebo-controlled randomized
clinical trial, was conducted at 10 sites in the US and Canada. Participant enrollment opened
on March 19, 2014, and concluded on April 11, 2016. Participants were adults with moderate
to severe plaque psoriasis and received ustekinumab in a lead-in phase. Those who
responded to ustekinumab at week 12 were randomized 1:1 to either the continued with
ustekinumab group (ustekinumab group) or the switched to abatacept group (abatacept
group). Treatment was discontinued at week 39, and participants were followed up for
psoriasis relapse until week 88. Statistical analyses were performed in the intention-to-treat
(ITT) and safety samples from May 3, 2018, to July 6, 2021.

INTERVENTIONS Participants received subcutaneous ustekinumab at weeks O and 4 (45 mg
per dose for those =100 kg; 90 mg per dose for those >100 kg). Participants randomized
to the abatacept group at week 12 received subcutaneous abatacept, 125 mg weekly, from
weeks 12 to 39 and ustekinumab placebo at weeks 16 and 28. Participants randomized to
the ustekinumab group received ustekinumab at weeks 16 and 28 and abatacept placebo
weekly from weeks 12 to 39.

MAIN OUTCOMES AND MEASURES The primary end point was the proportion of participants
with psoriasis relapse (loss of =50% of the initial Psoriasis Area and Severity Index
improvement) between weeks 12 and 88. Secondary end points included time to psoriasis
relapse, proportion of participants with psoriasis relapse between weeks 12 and 40, and
adverse events. The psoriasis transcriptome and serum cytokines were evaluated.

RESULTS A total of 108 participants (mean [SD] age, 46.1 [12.1] years; 73 [67.6%] men) were
treated with open-label ustekinumab; 91 were randomized to blinded treatment. Similar
proportions of participants in the abatacept group and the ustekinumab group relapsed
between weeks 12 and 88 (41 of 45 [91.1%] vs 40 of 46 [87.0%]; P = .41). Median time to
relapse from the last dose of ustekinumab was similar between groups as well: 36 weeks

(95% Cl, 36-48 weeks) in the abatacept group vs 32 weeks (95% Cl, 28-40 weeks) in the Author Affiliations: Author

ustekinumab group. Similar numbers and rates of adverse events occurred. Abatacept did affiliations are listed at the end of this

not maintain suppression of the pathogenic IL-23-mediated psoriasis molecular signature article.
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soriasis vulgaris is a systemic immune-mediated dis-

ease that predominantly involves the skin and joints.

The pathogenesis involves activated interkeukin
(IL)-17-producing T cells in skin, perpetuated by an IL-23-
mediated psoriasis molecular signature that reflects the patho-
genic keratinocyte response.! Ustekinumab is a US Food and
Drug Administration-approved biologic agent for psoriasis
that targets the IL-12/IL-23 pathways. Ongoing administra-
tion of ustekinumab is required because discontinuation leads
to psoriasis relapse.*->

T-cell activation depends on both antigen-specific
engagement of the T-cell receptor and costimulation by
antigen-presenting cells. The CD28 protein induces a critical
costimulatory signal in T cells on ligation of CD80/CD86.
Antigen engagement of the T-cell receptor in the absence of
CD28-mediated costimulation may lead to T-cell tolerance,®
providing a rationale for costimulatory blockade as a thera-
peutic strategy in autoimmunity.” !

Abatacept (CTLA4-Ig) is a costimulatory-blocking fusion
protein that consists of the extracellular domain of the CTLA4
ligand for CD80/CD86 coupled to a modified Fc portion of
human IgG. Abatacept acts by competing for CD80/CD86
binding to CD28 on T cells, thereby inhibiting T-cell activa-
tion and function. Abatacept had a treatment effect during
an early-phase psoriasis trial'? and improved skin lesions in
a phase 2 psoriatic arthritis trial.’* Therefore, it was hypoth-
esized that costimulatory blockade with abatacept could
induce tolerance in pathogenic T cells encountering antigen
in resolving psoriasis lesions, leading to long-term remission.

The Psoriasis Treatment with Abatacept and Ustekinumab:
a Study of Efficacy (PAUSE) trial was conducted to determine
whether blockade of costimulatory signaling with abatacept
could prevent psoriasis relapse after ustekinumab with-
drawal. Longitudinal evaluation of the disease transcriptome
in lesional skin and serum cytokines was performed to iden-
tify the mechanisms associated with treatment outcomes.

Methods

Study Design

PAUSE was a multicenter parallel-design, double-blind, pla-
cebo-controlled randomized clinical trial that was conducted
at10investigational sites in the United States and Canada (US:
Dermatology Research Associates, Los Angeles, California;
Northwestern University, Chicago, Illinois; Tulane University
School of Medicine, New Orleans, Louisiana; University of
Michigan, Ann Arbor; The Rockefeller University, New York,
New York; Wake Forest University, Winston-Salem, North Caro-
lina; Case Western University, Cleveland, Ohio; and Univer-
sity of Utah, Salt Lake City; Canada: Kirk Barber Research,
Calgary, Alberta, and Innovaderm Research Inc, Montreal,
Quebec). Enrollment opened on March 19, 2014, and con-
cluded on April 11, 2016. The trial was conducted in compli-
ance with the Declaration of Helsinki'* and was approved
by the institutional review boards at all of the investigational
sites. All participants provided written informed consent. We
followed the Consolidated Standards of Reporting Trials
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Key Points

Question Does blockade of CD28/B7 costimulatory signaling with
abatacept suppress the psoriasis molecular signature and prevent
psoriasis relapse after ustekinumab withdrawal?

Findings In this parallel-design, double-blind randomized clinical
trial of 91adults with moderate to severe plaque psoriasis,
costimulatory blockade with abatacept did not prevent psoriasis
relapse and did not maintain suppression of the pathogenic
psoriasis molecular signature following ustekinumab withdrawal.

Meaning In this study, abatacept did not prevent psoriasis
relapse, which may rely on alternative, compensatory mechanisms
of residual T-cell activation in skin.

(CONSORT) reporting guideline. The trial protocol is available
in Supplement 1.

The trial consisted of alead-in phase (weeks 0 to 12), aran-
domized treatment phase (weeks 12 to 40), and an observa-
tion phase (weeks 40 to 88) (eFigure 1in Supplement 2). Dur-
ing thelead-in phase, 108 participants with moderate to severe
psoriasis vulgaris received subcutaneous ustekinumab at weeks
0 and 4. Participants who weighed 100 kg or less received
45 mg per dose, and participants who weighed more than
100 kg received 90 mg per dose. At week 12, participants’ re-
sponse to ustekinumab was assessed using the Psoriasis Area
and Severity Index (PASI), and participants were eligible for
randomization if they achieved 75% or greater improvement
from their baseline PASI (PASI 75). Ninety-one participants were
randomized 1:1 to blinded treatment (Figure 1), either contin-
ued ustekinumab (ustekinumab group) or switched to abata-
cept (abatacept group), using a stratified, permuted block
design. Randomization was stratified by baseline PASI of 12
to 20 vs greater than 20, and sites used a secure interactive
web response system that was maintained at the Statistical and
Clinical Coordinating Center (Rho Inc). The abatacept group
received subcutaneous abatacept, 125 mg, which was admin-
istered weekly from weeks 12 to 39, and ustekinumab pla-
cebo at weeks 16 and 28. The ustekinumab group received
ustekinumab at weeks 16 and 28 and abatacept placebo weekly
from weeks 12 to 39. The PASI was assessed every 4 weeks
until the final study visit.

Abatacept and abatacept placebo were self-administered
by participants with syringes that were provided by Bristol My-
ers Squibb. Ustekinumab vials were purchased from Janssen
Pharmaceuticals Inc. Ustekinumab syringes and normal sa-
line placebo syringes were prepared by unblinded site phar-
macists and administered by blinded site personnel. Other
biologic, immunosuppressive, and topical agents for psoriasis
were prohibited.

Study Population, End Points, and Assessments

Eligible participants were 18 to 65 years of age with a diagno-
sis of moderate to severe plaque psoriasis. Race and ethnicity
of participants were self-reported or investigator observed.
American Indian or Alaska Native, Native Hawaiian or Other
Pacific Islander, and other race and ethnicity categories were
combined into 1 category as an extra measure to protect the
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Figure 1. CONSORT Diagram

148 Signed informed consent

40 Excluded
34 Did not meet eligibility criteria
4 Withdrew
2 Lost to follow-up

108 Enrolled to receive open-label
ustekinumab at weeks 0 and 4

17 Discontinued treatment
10 Did not meet eligibility criteria
2 Withdrew
5 Lost to follow-up

C J 91 Randomized at week 12

45 Randomized to receive abatacept
and ustekinumab placebo

46 Randomized to receive

ustekinumab and abatacept placebo

13 Discontinued treatment
4 Met relapse criterion
3 Withdrew because of worsening psoriasis
1 Met discontinuation criteria for abatacept
1 Experienced adverse event:

squamous cell carcinoma

1 Withdrew because of transportation issues
3 Lost to follow-up

8 Discontinued treatment
1 Met relapse criterion
1 Met discontinuation criteria for abatacept
1 Pregnant
2 Withdrew because of financial/job issues
3 Lost to follow-up

32 Received last dose of ustekinumab
placebo at week 28

38 Received last dose of ustekinumab

at week 28

5 Discontinued treatment
—> 4 Met relapse criterion
1 Withdrew because of worsening psoriasis

3 Discontinued treatment
1 Met discontinuation criteria for abatacept
1 Experienced adverse event: wound infection
1 Lost to follow-up

27 Started observation phase
at week 40

35 Started observation phase
at week 40

7 Discontinued study at week 40
—> 3 Met relapse criterion
4 Withdrew because of worsening psoriasis

16 Discontinued study
7 Met relapse criterion
7 Withdrew because of worsening psoriasis

1 Withdrew because of taking prohibited
medication

1 Withdrew because of transportation issues

—> 2 Met relapse criterion

4 Discontinued study at week 40

2 Withdrew because of worsening psoriasis

25 Discontinued study
17 Met relapse criterion

2 Withdrew because of worsening psoriasis

1 Experienced adverse event:
renal cell carcinoma

1 Withdrew because of not wanting to
forgo other therapies

1 Withdrew because of moving out of area

2 Site error

1 Lost to follow-up

4 Completed week 88 visit

6 Completed week 88 visit

identity of 1 participant. The multiple race category was not
individually specified for the same reason.

The participants had a PASI of 12 or greater, and 10% or
more of their body surface area was affected by psoriasis. Ex-
clusion criteria included previous treatment with ustekinumab
or other agents that targeted IL-12 or IL-23, moderate to se-
vere psoriatic arthritis, and comorbid conditions that con-
ferred an increased risk of study participation.
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The primary end point was the proportion of participants
with psoriasis relapse between weeks 12 and 88. Psoriasis
relapse was defined as loss of 50% or more of the initial PASI
improvement at week 12 compared with baseline scores. Sec-
ondary end points included the time to psoriasis relapse,
the proportion of participants with psoriasis relapse occur-
ring between weeks 12 and 40, and the frequency and sever-
ity of adverse events.
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Transcriptomics of Skin Biopsies and Serum Cytokines

Skin biopsies were obtained from an active lesion and a nonle-
sional area at week O and stored in RNAlater (Ambion Inc) at
-70 to -80 °C. The same lesion was resampled at weeks 12,
24 (optional), and 40 and at the final study visit, and RNA was
isolated using RNeasy kits (Qiagen). Samples were analyzed
using RNA sequencing (HiSeq 4000 [Illuminal], paired-end 100
base pairs [bp] x 2 cycle, polyA selection of total stranded RNA)
at a sequencing depth of approximately 47 million reads per
sample. Samples were aligned to the human genome build hg38
using the R package Rsubread,' and aligned sequences were
counted using the featureCounts with hg38 annotation.!® For
downstream analysis, gene counts were normalized using the
variance-stabilizing transformation method in the DESeq2
package.!” Differentially expressed genes in paired samples were
determined using cutoffs of fold change (=1.5) and a false dis-
covery rate less than 0.05. Serum samples were collected be-
fore and after treatment, and cytokines were quantified using
an ultrasensitive immunoassay for low abundant proteins (Meso
Scale Diagnostics LLC). Assays were performed in a 96-well plate
format and read on a highly sensitive imaging detection sys-
tem (MESO SECTOR Imager; Meso Scale Diagnostics LLC). Ana-
lyte concentrations were calculated using a weighted 4-param-
eter logistic fit. Concentrations below the limits of blank were
assigned the limit of blank (eTable 5 in Supplement 2). Serum
IL-19 was quantified by immunoassay, as previously described.'®
Samples were also analyzed from ACCLAIM (A Cooperative
Clinical Study of Abatacept in Multiple Sclerosis), a placebo-
controlled trial of abatacept in multiple sclerosis.!®:2°

Statistical Analysis

Statistical analyses were performed in the intention-to-treat
(ITT) sample (defined as all participants who were eligible at
week 12 and randomized to 1 of the blinded treatment groups)
and in the safety sample (defined as all participants who were
receiving =1 dose of study treatment).

For the primary end point, treatment group comparisons
for the proportion of ITT participants who were experiencing
a psoriasis relapse between weeks 12 and 88 were performed
using a logistic regression model with the participant’s re-
lapse status as the dependent variable and treatment group as
the independent variable. Covariates were randomization stra-
tum (baseline PASI of 12-20 vs >20) and duration of disease.
Those who terminated participation early because they had met
the psoriasis relapse criterion or because of worsening psoria-
sis were classified as having experienced a relapse. Those who
terminated participation early for any other reason were clas-
sified as dropouts. The primary analysis categorized dropouts
as experiencing a relapse. In sensitivity analyses, dropouts were
assumed to have not experienced a relapse and were removed
from analysis for having a missing relapse status.

Based on PHOENIX 1 (A Study of Safety and Effectiveness
of Ustekinumab [CNTO 1275] in Patients With Moderate to
Severe Plaque-type Psoriasis),* we expected 80% of partici-
pants who were randomized to the ustekinumab group to
experience a psoriasis relapse by week 88. We hypothesized
a decrease in psoriasis relapse rate of 50% by week 88 in par-
ticipants who were randomized to the abatacept group. As-
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suming 1:1 randomization and a 2-sided type I error rate of
a = .05, a sample size of 39 randomized participants in each
treatment group would provide 80% power for the primary end
point analysis. It was anticipated that approximately two-
thirds of participants who were receiving ustekinumab dur-
ing the lead-in phase would achieve a PASI 75 improvement
for randomization eligibility.*-> This estimate resulted in a
target sample size of 120 participants in expectation of ran-
domizing 40 participants per treatment group.

Time to psoriasis relapse was evaluated in the ITT sample
using nonparametric estimates of the survival function for
interval-censored data,?! based on the scheduled PASI assess-
ment at 4-week intervals. Ad hoc subgroup analyses were per-
formed to evaluate the outcomes in participants who achieved
and those who did not achieve PASI 90 (z90% improvement
from baseline) by week 12 and at any point in the study. Ad-
ditional ad hoc survival analyses evaluated time from last
ustekinumab dose until relapse in participants in the ITT
sample who were completing treatment with the agent. The
analysesincluded participants in the abatacept group who were
completing the last dose of open-label ustekinumab at week
4 and participants in the ustekinumab group who were com-
pleting the last dose of blinded ustekinumab at week 28.

All treatment group comparisons were conducted using
2-sided statistical tests, and estimates are reported with 95%
CIs. Two-sided P < .05 was considered significant. All analy-
ses were performed using SAS, version 9.4 (SAS Institute Inc).

The RNA sequencing and serum cytokine data were ana-
lyzed using the mixed model for repeated measures, and P val-
ues were calculated by comparing least square means be-
tween treatment groups, skin biopsy types, or time points.
The analyses were performed using the nlme package in R,
version 4.0.2 (R Foundation for Statistical Computing). The
RNA sequencing and serum cytokine analyses were per-
formed from May 3, 2018, to July 6, 2021.

|
Results

Atotal of 108 eligible participants with moderate to severe pso-
riasis vulgaris received ustekinumab at weeks O and 4 (Figure 1;
eFigure 1in Supplement 2). Participants had a mean (SD) age
of 46.1 (12.1) years and were composed of 73 men (67.6%)
and 35 women (32.4%). The self-reported or investigator-
observed race and ethnicity of participants were as follows:
Asian (4 [3.7%]), Black (6 [5.6%]), Hispanic or Latino (12 [11.1%]),
multiple races (2 [1.9%]), not Hispanic or Latino (96 [88.9%]),
other (1[0.9%]), and White (95 [88.0%]) (eTable 1 in Supple-
ment 2). At week 12, a total of 91 participants (84.3%) met the
PASI 75 target after treatment with ustekinumab and were ran-
domized. Characteristics did not significantly differ between
randomized and nonrandomized participants, although mean
(SD) body weight at screening was higher in those who were
not randomized (104.5[24.75]1 kg vs 96.2 [20.70] kg; P = .20).

Psoriasis Relapse and Adverse Events
In the abatacept group, more participants experienced a pso-

riasis relapse before week 88 compared with participants in
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the ustekinumab group (41 of 45 [91.1%] vs 40 of 46 [87.0%];
P = .41) (Table). The psoriasis relapse rate did not decrease in
the abatacept group compared with the ustekinumab group,
and the primary end point of psoriasis relapse between weeks
12 and 88 was not met. A higher proportion of participants in
the abatacept group relapsed between weeks 12 and 40 com-
pared with participants in the ustekinumab group (25 of 45
[55.6%] vs 14 of 46 [30.4%]; P = .01).

For the primary analysis, all discontinued participants were
characterized as having a psoriasis relapse. Discontinuation for
reasons other than worsening psoriasis or protocol-defined pso-
riasis relapse occurred in 23 of 91 participants (25.3%) or drop-
outs. Sensitivity analyses conducted among participants
who were not dropouts confirmed the primary analysis re-
sults. Relapse occurred between weeks 12 and 88 in 34 of
38 participants (89.5%) in the abatacept group who were not
dropouts compared with 24 of 30 (80.0%) in the ustekinumab
group (P = .16).

The median time to relapse from enrollment was 40 weeks
(95% CI, 40-52 weeks) in the abatacept group and 60 weeks
(95% CI, 56-68 weeks) in the ustekinumab group (Figure 2A).
However, the median time to relapse from the last dose of
ustekinumab was similar between the 2 groups: 36 weeks (95%
CL, 36-48 weeks) in the abatacept group and 32 weeks (95% CI,
28-40 weeks) in the ustekinumab group (Figure 2B).

A longer time to psoriasis relapse was associated with a
maximum PASIimprovement of 90% or greater in both groups
(eFigure 2 in Supplement 2) but was not associated with body
weight or PASI at baseline. The number of participants who
experienced treatment-emergent adverse events (28 of 45
[62.2%] vs 22 of 46 [47.8%]) and serious adverse events (2 of
45 [4.4%)] vs 5 of 46 [10.9%]) was similar between the abata-
cept and ustekinumab groups (eTable 2 in Supplement 2). The
adverse event rates were also similar (59 [1.995 person-years]
vs 59 [1.601 person-years]). Serious adverse events are sum-
marized in eTables 3 and 4 in Supplement 2.

Modulation of the IL-23-Mediated Psoriasis Molecular
Signature in Skin by Ustekinumab

Analysis of RNA sequencing was performed using total RNA
from lesional and nonlesional skin specimens that were col-
lected at week O to define the baseline psoriasis disease tran-
scriptome in participants who were eligible for randomiza-
tion. The baseline disease transcriptome comprised 3988
differentially expressed genes (Figure 3A; eFigure 3A and B
in Supplement 2; eTable 6 in Supplement 3). In resolving
lesions at week 12, we found 2705 genes that were modu-
lated by ustekinumab compared with paired active lesions at
week 0, and 2553 of these genes were in the disease tran-
scriptome (Figure 3A; eFigure 3C in Supplement 2; eTable 7
in Supplement 4). Consistent with its mechanism of action,
ustekinumab improved disease-associated genes that were
modulated by IL-23, including IL-17A and the pathogenic
psoriasis molecular signature genes that were induced in
keratinocytes by IL-17 receptor signaling!2-22 (Figure 3B;
eFigure 3C in Supplement 2; eTable 7 in Supplement 4). In
addition, ustekinumab downmodulated a number of tran-
scripts associated with CD28-CD80/CD86 pathway targets of
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Table. Psoriasis Relapse in the Intention-to-Treat Analysis Population

Abatacept Ustekinumab
group group
Variable (n = 45) (n = 46)
Primary analyses?®
Participants who experienced a relapse
between wk 12 and wk 88
No. of evaluable participants 45 46
No. of participants who relapsed (%) 41 (91.1) 40 (87.0)
P value: abatacept vs ustekinumab® 41
Key secondary analyses®
Participants who experienced a relapse
between wk 12 and wk 40
No. of evaluable participants 45 46
No. of participants who relapsed (%) 25 (55.6) 14 (30.4)
P value: abatacept vs ustekinumab® .01
Sensitivity analyses®
Participants who experienced a relapse
between wk 12 and wk 88
No. of evaluable participants 38 30
No. of participants who relapsed (%) 34 (89.5) 24 (80.0)
P value: abatacept vs ustekinumab® .16
Participants who experienced a relapse
between wk 12 and wk 40
No. of evaluable participants 39 37
No. of participants who relapsed (%) 19 (48.7) 5(13.5)
P value: abatacept vs ustekinumab® .002
Additional secondary analyses
Time to psoriasis relapse from
enrollment (wk 0)
No. of evaluable participants 45 46
No. of participants who relapsed (%) 34 (75.6) 24 (52.2)
Median time to relapse (95% Cl), wk 40 (40-52) 60 (56-68)
Exploratory post hoc analyses
Time to psoriasis relapse from last
ustekinumab dose
No. of evaluable participants 45 36
No. of participants who relapsed (%) 34 (75.6) 23(63.9)
Median time to relapse (95% Cl), wk 36 (36-48) 32 (28-40)

@ Primary and key secondary analyses of end points considered participants
who dropped out as having relapsed.

®The P value was calculated from a x2 test comparing the treatment arms in
a logistic regression model with the participant's relapse status as the
dependent variable and with randomization stratum (low vs high Psoriasis
Area and Severity Index) and duration of psoriasis disease before screening
as the covariates.

€ One participant in the ustekinumab group discontinued treatment early for
wound infection but continued to be followed up for relapse.

dSensitivity analyses of end points excluded participants who dropped out
without evidence of relapse or disease worsening.

abatacept therapy, including CD80, CD28, ICOS, and CTLA-4
(eFigure 4 in Supplement 2).

Modulation of Relevant Cytokines in Serum by Ustekinumab
Interleukin17A, IL-22, and IL-19 are elevated in both active skin
lesions and blood in psoriasis and have been associated with
disease activity.!®-23-24 Ustekinumab inhibits secretion of IL-
17A and other cytokines in vitro,?® but ex vivo studies from
clinical trial specimens have been limited by assay detection
limits for low abundant serum proteins. We evaluated serum
levels of IL-17A and other cytokines, including IL-22 and IL-19,'®
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Figure 2. Time to Psoriasis Relapse
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from the psoriasis molecular signature. Consistent with its ef-
fect on IL-17A (566 fg/mL; 95% CI, 509-612 fg/mL; P < .001),
1L-19 (191 pg/mL; 95% CI, 183-197 pg/mL; P < .001), and IL-22
(2.4 pg/mL; 95% CI, 2.1-2.7 pg/mL; P < .001) transcripts in
resolving lesions (Figure 3B), ustekinumab significantly re-
duced thelevels of these cytokines in serum at week 12 vs week
O (eFigure 3D in Supplement 2; Figure 4). A modest reduction
was also observed for serum levels of interferon v, IL-2, IL-10,
IL-6, tumor necrosis factor, and thymic stromal lymphopoi-
etin (eFigure 3D in Supplement 2).

Maintaining Suppression of Psoriasis Molecular Signature

in Resolving Lesions and IL-19 in Serum

Given that sequential treatment with abatacept after
ustekinumab did not prevent relapse, we asked whether sup-
pression of the pathogenic, IL-23-mediated psoriasis molecu-
lar signature in resolving lesions'-*2? and relevant serum cy-
tokines was maintained in participants in the abatacept group.
The weighted mean expression of genes in the psoriasis mo-
lecular signature was compared between groups of partici-
pants who completed blinded treatment through week 39.
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Treatment with ustekinumab resulted in approximately
2-fold reduction of the psoriasis molecular signature genes in
resolving lesions at week 12 (Figure 4A). After randomiza-
tion, suppression of the psoriasis molecular signature
(Figure 4A) and IL-17A transcripts in skin (eFigure 5 in Supple-
ment 2) was not maintained in the abatacept group vs the
ustekinumab group at week 24 and/or week 40; this result is
consistent with the earlier relapse time from enrollment in the
abatacept group vs the ustekinumab group (Figure 2A). In ad-
dition, suppression of serum IL-19 levels at week 12 was not
maintained at week 40 in the abatacept group vs the
ustekinumab group (27 pg/mL; 95% CI, 8-57 pg/mL; P = .008)
(Figure 4B). In contrast, serum IL-17A and IL-22 levels were
similar between the groups at the time points evaluated
(Figure 4C and D), which differed from the transcripts in skin
at these time points (eFigure 5 in Supplement 2).

Reduction of Serum Cytokines Associated

With Regulatory T Cells by Abatacept

Given that ustekinumab downregulated molecular targets of
abatacept in resolving lesions (eFigure 4 in Supplement 2)
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Figure 3. Modulation of the IL-23-Mediated Psoriasis Molecular Signature Genes in Participants Who Were Eligible

for Randomization (=PASI 75)
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A. Venn diagram shows the number of genes in the disease transcriptome
(lesions vs nonlesions at week O) and not in the disease transcriptome that
were significantly modulated by ustekinumab (at week 12: fold change,
=1.5; false discovery rate <0.05). B, Heat map shows z-transformed log
expression values of key genes in the interleukin (IL)-23-mediated psoriasis
molecular signature in paired nonlesions (pink group; left) and lesions

(orange group:; center) at week O and resolving lesions (indigo group; right) at
week 12. C, Individual participant data are ordered by baseline Psoriasis Area
and Severity Index (PASI) from low to high for the 3 groups. The z score
indicates the number of SDs higher or lower than the mean expression value
for each gene. DEG indicates differentially expressed gene.

and that sequential treatment with abatacept did not pre-
vent psoriasis relapse or maintain improvement in clinically
relevant biomarkers, we investigated other immunological
effects in the abatacept group. The CD28 costimulatory
pathway is important to the development and maintenance
of regulatory CD4*Foxp3* T cells (Tregs), which function to
maintain immune tolerance, and CD4" follicular helper
T cells that promote antibody-secreting cells and memory
B cells.?28 Abatacept reduces the frequency of circulating
effector Tregs and follicular helper T cells by disrupting the
molecular pathways that are important for their proliferation
and maintenance.?%:2°3! Given that IL-2 is indispensable for
Treg survival, and IL-10 is produced by Tregs,3?°> we postu-
lated these cytokines were decreased in the abatacept group.
Serum samples from participants who completed blinded
treatment in the placebo-controlled ACCLAIM trial of abata-
cept for multiple sclerosis!®2° were analyzed as a confirma-
tory study cohort. Serum IL-10 (week 24: 166 fg/mL [95% CI,
83-227 fg/mL; P = .002]; week 40: 179 fg/mL [95% CI,
93-243 fg/mL; P = .002]) and IL-2 (week 24: 43 fg/mL [95%
CI, 26-56 fg/mL; P < .001]; week 40: 62 fg/mL [95% CI,
46-75 fg/mL; P < .001]) levels were reduced at weeks 24 and
40 among participants in the abatacept group vs those in the
ustekinumab group (Figure 4E and F), which is consistent
with results from the ACCLAIM study (eFigure 6 in Supple-
ment 2) and confirms the decrease of serum cytokines asso-
ciated with Tregs in both trials. IL-10 and IL-2 transcripts
in lesions exhibited a downward trend from week 12 in
the abatacept group, but they did not differ significantly
between groups (eFigure 5 in Supplement 2).
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|
Discussion

Early trials with abatacept in psoriasis and psoriatic arthritis
suggested clinical benefit in cutaneous lesions,'*!* contrib-
uting to the idea that switching from ustekinumab to abata-
cept in psoriasis might induce T-cell tolerance in resolving
lesions by means of costimulatory blockade.®” However,
the results of PAUSE as reported here showed that abatacept
did not prevent relapse after ustekinumab withdrawal. Most
participants in both treatment groups experienced a psoria-
sis relapse or dropped out between weeks 12 and 88.
Although abatacept is approved for psoriatic arthritis,
the results of this trial do not support abatacept as a choice
for treating psoriatic arthritis and psoriasis skin lesions
concurrently.

We sought to reconcile these findings with those in pre-
vious studies that showed some clinical benefit of abatacept
in active psoriasis.!? The skin transcriptomic analysis re-
vealed that key molecular targets of abatacept were down-
modulated in resolving lesions following successful
ustekinumab treatment. This result likely reflects a reduc-
tion in the pathogenic T cell-mediated pathways in resolving
lesions that were modulated by abatacept in the context of ac-
tive disease.!?3® Given these results, it is not surprising that
abatacept did not delay relapse or maintain suppression of
the IL-23-mediated psoriasis molecular signature after
ustekinumab withdrawal. The findings suggested that the
molecular trigger of psoriasis relapse may not completely rely
on the CD28-CD80/CD86 costimulation pathway and/or may
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Figure 4. Suppression of the Psoriasis Molecular Signature in Resolving Lesions and Serum IL-19 Levels After Ustekinumab Withdrawal

in Participants Who Completed Treatment
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A, Line plot shows the eigengene (weighted mean expression of genes in the
psoriasis molecular signature module) value for lesions at week O and resolving
lesions at weeks 12, 24, and 40 by treatment group. B to F, Line plots show the
mean concentration of interleukin (IL)-19, IL-17A, IL-22, IL-10, and IL-2 levels in
serum at weeks 0O, 12, 24, and 40 by treatment group. Error bars display the

95% Cls. P values between treatment groups were determined by mixed model
for repeated measures with baseline adjustment.

2 Significant difference (P < .05) between treatment groups.
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be dependent on compensatory T-cell activation pathways in
the presence of abatacept.

A growing body of literature indicates that relapse is ini-
tiated by tissue-resident memory T (TRM) cells that are poised
to produce IL-17A and IL-22 in resolving lesions.>”*? CD28 ex-
pression is highly variable in TRM cells and not present on most
CD8* TRM cells in healthy skin.** Therefore, it is plausible that
psoriasis relapse is triggered by CD28-independent, compen-
satory activation of IL-17A-producing CD8* TRM cells that
reignite the psoriasis molecular signature. Targeting alterna-
tive costimulatory molecules, such as 4-BBL or others in the
tumor necrosis factor superfamily of receptors and ligands,
may be a treatment option for preventing psoriasis relapse.**4>
Understanding the mechanisms that regulate the reactiva-
tion of TRM cells and their key interactions with innate im-
mune and stromal cell populations in recurring lesions may
help identify new treatment strategies for durable remission
in psoriasis and potentially other diseases.

Original Investigation Research

Limitations

This study has some limitations. The abatacept dose may have
been too low and/or administered too late after ustekinumab
induction therapy to prevent psoriasis relapse. Research stud-
ies were limited by the number and frequency of paired skin and
blood collections for analyses. Addition of a randomized double-
placebo group would have clarified the immunological effects
induced by abatacept treatment vs ustekinumab withdrawal.

|
Conclusions

The PAUSE randomized clinical trial found that costimula-
tory blockade with abatacept did not prevent psoriasis
relapse after ustekinumab withdrawal. Evaluation of the
pathogenic psoriasis molecular signature demonstrated that
clinical relapse may involve compensatory T-cell activation
pathways in the presence of CD28-CD80/CD86 blockade.

ARTICLE INFORMATION
Accepted for Publication: July 20, 2021.

Published Online: October 13, 2021.
doi:10.1001/jamadermatol.2021.3492

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2021 Harris KM et al. JAMA Dermatology.

Author Affiliations: Biomarker and Discovery
Research, Immune Tolerance Network, University
of California, San Francisco, San Francisco (Harris,
Lim); Clinical Trials Group, Clinical and Translational
Medicine, Immune Tolerance Network, University
of California, San Francisco, San Francisco (Smilek);
Rho Inc, Durham, North Carolina (Byron, Barry);
Autoimmunity and Mucosal Immunology Branch,
Division of Allergy, Immunology, and
Transplantation/National Institute of Allergy and
Infectious Diseases, Rockville, Maryland
(McNamara); The Rockefeller University, New York,
New York (Garcet, J. G. Krueger); Lilly Research
Laboratories, Eli Lilly and Company, Indianapolis,
Indiana (Konrad); Meso Scale Diagnostics LLC,
Rockville, Maryland (Stengelin, Bathala);
Department of Dermatology, University Hospitals
Cleveland Medical Center, Cleveland, Ohio
(Korman); Department of Dermatology,

Wake Forest School of Medicine, Winston-Salem,
North Carolina (Feldman); Health Sciences Center,

Tulane University School of Medicine, New Orleans,

Louisiana (Boh); Department of Medicine
(Dermatology), University of Calgary, Calgary,
Alberta, Canada (Barber); Department of
Dermatology, Northwestern University, Colorado
Springs, Colorado (Laumann); Dermatology Clinic,
University of Michigan Medicine, Ann Arbor
(Helfrich); Department of Dermatology,
University of Utah School of Medicine,

Salt Lake City (G. G. Krueger); Dermatology,
David Geffen UCLA (University of California,

Los Angeles) School of Medicine, Los Angeles
(Sofen); Innovaderm, Montreal, Quebec,

Canada (Bissonnette).

Author Contributions: Drs Harris and Smilek had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Harris and Smilek
contributed equally.

jamadermatology.com

Downloaded From: https://jamanetwor k.com/ on 10/13/2021

Concept and design: Harris, Smilek, Byron, Lim,
Barry, McNamara, J. G. Krueger.

Acquisition, analysis, or interpretation of data:

All authors.

Drafting of the manuscript: Harris, Smilek, Byron,
Lim, Barry, Barber, J. G. Krueger.

Critical revision of the manuscript for important
intellectual content: Harris, Smilek, Lim, Barry,
McNamara, Garcet, Konrad, Stengelin, Bathala,
Korman, Feldman, Boh, Barber, Laumann, Helfrich,
G. G. Krueger, Sofen, Bissonnette, J. G. Krueger.
Statistical analysis: Harris, Byron, Lim, Barry,
Garcet, Stengelin.

Obtained funding: Stengelin.

Administrative, technical, or material support:
McNamara, Konrad, Stengelin, Boh, Laumann,

G. G. Krueger, J. G. Krueger.

Supervision: Harris, Konrad, Stengelin, Boh, Sofen,
J. G. Krueger.

Conflict of Interest Disclosures: Dr Korman
reported receiving grants and personal fees from
AbbVie, Eli Lilly, Leo Pharma, Principia, and Trevi;
grants from Amgen, Celgene, Chemocentryx,
Dermira, Menlo Therapeutics, Syntimmune, and
XBiotech; and personal fees from Genentech,
Janssen, Novartis, Regeneron, Sun Pharma, and
UCB. Dr Feldman reported receiving grants from
AbbVie, Amgen, Janssen, Lilly, and UCB and
personal fees from AbbVie, Amgen, Janssen, Lilly,
Novartis, Sun, and UCB outside the submitted
work. Dr Boh reported receiving grants from
Janssen during the conduct of the study; personal
fees from Sun and UCB; and grants from AbbVie,
Janssen, and Incyte outside the submitted work.
Dr Helfrich reported receiving grants from Immune
Tolerance Network during the conduct of the study
and grants from AbbVie, Boehringer Ingelheim,
Eli Lilly, and Novartis outside the submitted work.
Dr Sofen reported receiving grants from Janssen
outside the submitted work. Dr Bissonnette

reported receiving grants from AbbVie, AnaptysBio,

Arcutis, Aristea, Bausch Health, Boehringer
Ingelheim, Bristol Myers Squibb, Dermavant,

Eli Lilly, Escalier, Janssen, Leo Pharma, Nimbus,
Regeneron, Sienna, and UCB outside the submitted
work; personal fees from AbbVie, Almirall, Amgen,
Arcutis, Boehringer Ingelheim, Bristol Myers
Squibb, Dermavant, Eli Lilly, Janssen, Kyowa Kirin,

Leo Pharma, and Pfizer; and being a shareholder
with Innovaderm Research. Dr J. G. Krueger
reported receiving grants from Immune Tolerance
Network during the conduct of the study; money
for his institution from Novartis, Pfizer, Amgen,
Lilly, Boehringer Ingelheim, Innovaderm,

Bristol Myers Squibb, Janssen, AbbVie, Paraxel,
Regeneron, Allergan, Novan, Biogen MA, Sienna,
UCB, Botanix, Incyte, Avillion, Execure, Nimbus,
and Arista; personal fees from Novartis, Pfizer,
Amgen, Lilly, Boehringer Ingelheim, AbbVie,

Leo Pharma, Biogen Idec, Valeant, Aurigne,
Allergan, Asana, UCB, Siena, Celgene, Nimbus,
Sanofi, Sun Pharma, Allmiral, Arena,

Bristol Myers Squibb, Ventyx, Aclaris, and
Galapagos outside the submitted work. No other
disclosures were reported.

Funding/Support: This trial was conducted by
the Immune Tolerance Network and supported by
grant UM1-AI-109565 from the National Institute
of Allergy and Infectious Diseases (NIAID) of the
National Institutes of Health (NIH). Abatacept and
abatacept placebo were provided by Bristol Myers
Squibb. Multiplex serum cytokine analysis was
conducted by Meso Scale Diagnostics LLC and
supported by grant U24-Al-118663 from the
NIAID/NIH. IL-19 serum assay was conducted

and supported by Eli Lilly and Co.

Role of the Funder/Sponsor: Immune Tolerance
Network and Rho Inc had a role in analysis of the
data. The other funders and supporters had no role
in the design and conduct of the study:; collection,
management, and interpretation of the data;
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.

Disclaimer: The views expressed herein are those
of the authors and do not reflect the official policy
or position of the NIH.

Data Sharing Statement: See Supplement 5.

Additional Contributions: We thank the PAUSE
team and the trial participants. We thank Brian J.
Nickoloff, MD, PhD, Lilly Research Laboratories,

Eli Lilly and Company, for his contribution to the
design, performance, and interpretation of the IL-19
immunoassay; George Rodgers, BS, Lilly Research
Laboratories, Eli Lilly and Company, for performing

JAMA Dermatology Published online October 13, 2021

E9


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2021.3492?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamadermatol.2021.3492?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492

E10

Research Original Investigation

the IL-19 immunoassay; and Shraddha Kale, MS, and
Paridhi Gupta, PhD, Meso Scale Diagnostics LLC, for
their contributions to the multiplex serum cytokine
assay. We also thank E. William St. Clair, MD,
Division of Rheumatology and Immunology, Duke
University School of Medicine, and Gerald Nepom,
MD, PhD, Immune Tolerance Network, Benaroya
Research Institute at Virginia Mason, for their
critical review of the manuscript and for their
advice. These individuals received no additional
compensation, outside of their usual salary, for
their contributions.

Additional Information: Data sets and the clinical
protocol are accessible through TrialShare, a public
website managed by the Immune Tolerance
Network (https://www.itntrialshare.org).

REFERENCES

1. Hawkes JE, Chan TC, Krueger JG. Psoriasis
pathogenesis and the development of novel
targeted immune therapies. J Allergy Clin Immunol.
2017;140(3):645-653. doi:10.1016/j.jaci.2017.
07.004

2. Chan TC, Hawkes JE, Krueger JG. Interleukin 23
in the skin: role in psoriasis pathogenesis and
selective interleukin 23 blockade as treatment.
Ther Adv Chronic Dis. 2018;9(5):111-119. doi:10.1177/
2040622318759282

3. Furue M, Furue K, Tsuji G, Nakahara T.
Interleukin-17A and keratinocytes in psoriasis.
Int J Mol Sci. 2020;21(4):E1275. doi:10.3390/
ijms21041275

4. Leonardi CL, Kimball AB, Papp KA, et al;
PHOENIX 1study investigators. Efficacy and safety
of ustekinumab, a human interleukin-12/23
monoclonal antibody, in patients with psoriasis:
76-week results from a randomised, double-blind,
placebo-controlled trial (PHOENIX 1). Lancet.
2008;371(9625):1665-1674. doi:10.1016/S0140-6736
(08)60725-4

5. Papp KA, Langley RG, Lebwohl M, et al;
PHOENIX 2 study investigators. Efficacy and safety
of ustekinumab, a human interleukin-12/23
monoclonal antibody, in patients with psoriasis:
52-week results from a randomised, double-blind,
placebo-controlled trial (PHOENIX 2). Lancet.
2008;371(9625):1675-1684. doi:10.1016/S0140-6736
(08)60726-6

6. Mueller DL, Jenkins MK, Schwartz RH.

Clonal expansion versus functional clonal
inactivation: a costimulatory signalling pathway
determines the outcome of T cell antigen receptor
occupancy. Annu Rev Immunol. 1989;7:445-480.
doi:10.1146/annurev.iy.07.040189.002305

7. Bour-Jordan H, Esensten JH,

Martinez-Llordella M, Penaranda C, Stumpf M,
Bluestone JA. Intrinsic and extrinsic control of
peripheral T-cell tolerance by costimulatory
molecules of the CD28/B7 family. Immunol Rev.
2011;241(1):180-205. doi:10.1111/j.1600-065X.2011.
01011.x

8. Watanabe N, Nakajima H. Coinhibitory
molecules in autoimmune diseases. Clin Dev Immunol.
2012;2012:269756. doi:10.1155/2012/269756

9. Zhang Q, Vignali DA. Co-stimulatory and
co-inhibitory pathways in autoimmunity. Immunity.
2016;44(5):1034-1051. doi:10.1016/j.immuni.2016.
04.017

Effect of Costimulatory Blockade With Abatacept in Plaque Psoriasis

10. Vesely MD. Getting under the skin: targeting
cutaneous autoimmune disease. Yale J Biol Med.
2020;93(1):197-206.

11. Bluestone JA, Auchincloss H, Nepom GT,
Rotrosen D, St Clair EW, Turka LA. The Immune
Tolerance Network at 10 years: tolerance research
at the bedside. Nat Rev Immunol. 2010;10(11):
797-803. doi:10.1038/nri2869

12. Abrams JR, Lebwohl MG, Guzzo CA, et al.
CTLA4Ig-mediated blockade of T-cell
costimulation in patients with psoriasis vulgaris.
J Clin Invest.1999;103(9):1243-1252. doi:10.1172/
JCI5857

13. Mease P, Genovese MC, Gladstein G, et al.
Abatacept in the treatment of patients with
psoriatic arthritis: results of a six-month,
multicenter, randomized, double-blind,
placebo-controlled, phase Il trial. Arthritis Rheum.
2011;63(4):939-948. doi:10.1002/art.30176

14. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194.
doi:10.1001/jama.2013.281053

15. Liao Y, Smyth GK, Shi W. The R package
Rsubread is easier, faster, cheaper and better for
alignment and quantification of RNA sequencing
reads. Nucleic Acids Res. 2019;47(8):e47.
doi:10.1093/nar/gkz114

16. Liao Y, Smyth GK, Shi W. featureCounts:

an efficient general purpose program for assigning
sequence reads to genomic features. Bioinformatics.
2014;30(7):923-930. doi:10.1093/bioinformatics/
btt656

17. Love MI, Huber W, Anders S. Moderated
estimation of fold change and dispersion for
RNA-seq data with DESeq2. Genome Biol. 201415
(12):550. doi:10.1186/513059-014-0550-8

18. Konrad RJ, Higgs RE, Rodgers GH, et al.
Assessment and clinical relevance of serum IL-19
levels in psoriasis and atopic dermatitis using

a sensitive and specific novel immunoassay.

Sci Rep. 2019;9(1):5211. doi:10.1038/s41598-019-
41609-z

19. Khoury SJ, Rochon J, DingL, et al;

ACCLAIM Study Group. ACCLAIM: a randomized
trial of abatacept (CTLA4-Ig) for relapsing-remitting
multiple sclerosis. Mult Scler. 2017;23(5):686-695.
doi:10.1177/1352458516662727

20. Glatigny S, Hollbacher B, Motley SJ, et al.
Abatacept targets T follicular helper and regulatory
T cells, disrupting molecular pathways that regulate
their proliferation and maintenance. J Immunol.
2019;202(5):1373-1382. doi:10.4049/jimmunol.
1801425

21. Peto R. Experimental survival curves for
interval-censored data. J R Stat Soc Ser C Appl Stat.
1973;22(1):86-91. doi:10.2307/2346307

22. Kim J, Krueger JG. Highly effective new
treatments for psoriasis target the IL-23/type 17
T cell autoimmune axis. Annu Rev Med. 2017;68:
255-269. doi:10.1146/annurev-med-042915-
103905

23. Sofen H, Smith S, Matheson RT, et al.
Guselkumab (an IL-23-specific mAb) demonstrates
clinical and molecular response in patients with
moderate-to-severe psoriasis. J Allergy Clin Immunol.
2014;133(4):1032-1040. doi:10.1016/j.jaci.2014.
01.025

JAMA Dermatology Published online October 13,2021

Downloaded From: https://jamanetwor k.com/ on 10/13/2021

24. Shimauchi T, Hirakawa S, Suzuki T, et al.

Serum interleukin-22 and vascular endothelial
growth factor serve as sensitive biomarkers but not
as predictors of therapeutic response to biologics
in patients with psoriasis. J Dermatol. 2013;40(10):
805-812. doi:10.1111/1346-8138.12248

25. Reddy M, Davis C, Wong J, Marsters P,

Pendley C, Prabhakar U. Modulation of CLA, IL-12R,
CD40L, and IL-2Ralpha expression and inhibition
of IL-12- and IL-23-induced cytokine secretion by
CNTO 1275. Cell Immunol. 2007;247(1):1-11.
doi:10.1016/j.cellimm.2007.06.006

26. Tang Q, Henriksen KJ, Boden EK, et al.
Cutting edge: CD28 controls peripheral
homeostasis of CD4+CD25+ regulatory T cells.
JImmunol. 2003;171(7):3348-3352. doi:10.4049/
jimmunol.171.7.3348

27. Wakamatsu E, Mathis D, Benoist C.

Convergent and divergent effects of costimulatory
molecules in conventional and regulatory CD4+ T
cells. Proc Natl Acad Sci U S A. 2013;110(3):1023-1028.
doi:10.1073/pnas.1220688110

28. Wang CJ, Heuts F, Ovcinnikovs V, et al. CTLA-4
controls follicular helper T-cell differentiation by
regulating the strength of CD28 engagement.

Proc Natl Acad Sci U S A. 2015;112(2):524-529.
doi:10.1073/pnas.1414576112

29. OrbanT, Beam CA, Xu P, et al; Type 1 Diabetes
TrialNet Abatacept Study Group. Reduction in CD4
central memory T-cell subset in costimulation
modulator abatacept-treated patients with
recent-onset type 1diabetes is associated with
slower C-peptide decline. Diabetes. 2014;63(10):
3449-3457. doi:10.2337/db14-0047

30. Maggi L, Cimaz R, Capone M, et al.
Immunosuppressive activity of abatacept on
circulating T helper lymphocytes from juvenile
idiopathic arthritis patients. Int Arch Allergy Immunol.
2016;171(1):45-53. doi:10.1159/000450948

31. Verstappen GM, Meiners PM, Corneth OBJ,

et al. Attenuation of follicular helper

T cell-dependent B cell hyperactivity by abatacept
treatment in primary Sjogren’s syndrome. Arthritis
Rheumatol. 2017;69(9):1850-1861. doi:10.1002/art.
40165

32. Malek TR, Castro I. Interleukin-2 receptor
signaling: at the interface between tolerance
and immunity. Immunity. 2010;33(2):153-165.
doi:10.1016/j.immuni.2010.08.004

33. ChengG, YuA, Malek TR. T-cell tolerance
and the multi-functional role of IL-2R signaling
in T-regulatory cells. Immunol Rev. 2011;241(1):
63-76. doi:10.1111/j.1600-065X.2011.01004.x

34. Lohr J, Knoechel B, Abbas AK. Regulatory
T cells in the periphery. Immunol Rev. 2006;212:
149-162. doi:10.1111/j.0105-2896.2006.00414.x

35. Wei X, Zhang J, Gu Q, et al. Reciprocal
expression of IL-35 and IL-10 defines two distinct
effector Treg subsets that are required for
maintenance of immune tolerance. Cell Rep. 2017;
21(7):1853-1869. doi:10.1016/j.celrep.201710.090

36. Abrams JR, Kelley SL, Hayes E, et al.

Blockade of T lymphocyte costimulation with
cytotoxic T lymphocyte-associated antigen
4-immunoglobulin (CTLA4Ig) reverses the cellular
pathology of psoriatic plaques, including the
activation of keratinocytes, dendritic cells, and
endothelial cells. J Exp Med. 2000:192(5):681-694.
doi:10.1084/jem.192.5.681

jamadermatology.com


https://www.itntrialshare.org
https://dx.doi.org/10.1016/j.jaci.2017.07.004
https://dx.doi.org/10.1016/j.jaci.2017.07.004
https://dx.doi.org/10.1177/2040622318759282
https://dx.doi.org/10.1177/2040622318759282
https://dx.doi.org/10.3390/ijms21041275
https://dx.doi.org/10.3390/ijms21041275
https://dx.doi.org/10.1016/S0140-6736(08)60725-4
https://dx.doi.org/10.1016/S0140-6736(08)60725-4
https://dx.doi.org/10.1016/S0140-6736(08)60726-6
https://dx.doi.org/10.1016/S0140-6736(08)60726-6
https://dx.doi.org/10.1146/annurev.iy.07.040189.002305
https://dx.doi.org/10.1111/j.1600-065X.2011.01011.x
https://dx.doi.org/10.1111/j.1600-065X.2011.01011.x
https://dx.doi.org/10.1155/2012/269756
https://dx.doi.org/10.1016/j.immuni.2016.04.017
https://dx.doi.org/10.1016/j.immuni.2016.04.017
https://www.ncbi.nlm.nih.gov/pubmed/32226348
https://www.ncbi.nlm.nih.gov/pubmed/32226348
https://dx.doi.org/10.1038/nri2869
https://dx.doi.org/10.1172/JCI5857
https://dx.doi.org/10.1172/JCI5857
https://dx.doi.org/10.1002/art.30176
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492
https://dx.doi.org/10.1093/nar/gkz114
https://dx.doi.org/10.1093/bioinformatics/btt656
https://dx.doi.org/10.1093/bioinformatics/btt656
https://dx.doi.org/10.1186/s13059-014-0550-8
https://dx.doi.org/10.1038/s41598-019-41609-z
https://dx.doi.org/10.1038/s41598-019-41609-z
https://dx.doi.org/10.1177/1352458516662727
https://dx.doi.org/10.4049/jimmunol.1801425
https://dx.doi.org/10.4049/jimmunol.1801425
https://dx.doi.org/10.2307/2346307
https://dx.doi.org/10.1146/annurev-med-042915-103905
https://dx.doi.org/10.1146/annurev-med-042915-103905
https://dx.doi.org/10.1016/j.jaci.2014.01.025
https://dx.doi.org/10.1016/j.jaci.2014.01.025
https://dx.doi.org/10.1111/1346-8138.12248
https://dx.doi.org/10.1016/j.cellimm.2007.06.006
https://dx.doi.org/10.4049/jimmunol.171.7.3348
https://dx.doi.org/10.4049/jimmunol.171.7.3348
https://dx.doi.org/10.1073/pnas.1220688110
https://dx.doi.org/10.1073/pnas.1414576112
https://dx.doi.org/10.2337/db14-0047
https://dx.doi.org/10.1159/000450948
https://dx.doi.org/10.1002/art.40165
https://dx.doi.org/10.1002/art.40165
https://dx.doi.org/10.1016/j.immuni.2010.08.004
https://dx.doi.org/10.1111/j.1600-065X.2011.01004.x
https://dx.doi.org/10.1111/j.0105-2896.2006.00414.x
https://dx.doi.org/10.1016/j.celrep.2017.10.090
https://dx.doi.org/10.1084/jem.192.5.681
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492

Effect of Costimulatory Blockade With Abatacept in Plaque Psoriasis

37. Matos TR, O'Malley JT, Lowry EL, et al.
Clinically resolved psoriatic lesions contain
psoriasis-specific IL-17-producing aB T cell clones.
J Clin Invest. 2017;127(11):4031-4041. doi:10.1172/
JCI93396

38. Cheuk S, Wikén M, Blomqyvist L, et al.
Epidermal Th22 and Tc17 cells form a localized
disease memory in clinically healed psoriasis.
JImmunol. 2014;192(7):3111-3120. doi:10.4049/
jimmunol.1302313

39. Gallais Sérézal I, Classon C, Cheuk S, et al.
Resident T cells in resolved psoriasis steer tissue
responses that stratify clinical outcome. J Invest

Dermatol. 2018;138(8):1754-1763. doi:10.1016/ jid.

2018.02.030

40. Arakawa A, Siewert K, Stéhr J, et al.
Melanocyte antigen triggers autoimmunity in

jamadermatology.com

Downloaded From: https://jamanetwor k.com/ on 10/13/2021

human psoriasis. J Exp Med. 2015;212(13):2203-2212.

doi:10.1084/jem.20151093

41. Teunissen MBM, Yeremenko NG, Baeten DLP,
et al. The IL-17A-producing CD8+ T-cell population
in psoriatic lesional skin comprises
mucosa-associated invariant T cells and
conventional T cells. J Invest Dermatol. 2014;134
(12):2898-2907. doi:10.1038/jid.2014.261

42. Hijnen D, Knol EF, Gent YY, et al. CD8(+) T cells
in the lesional skin of atopic dermatitis and psoriasis
patients are an important source of IFN-y, IL-13,
IL-17, and IL-22. J Invest Dermatol. 2013;133(4):973-
979. doi:10.1038/jid.2012.456

43. CheuksS, Schlums H, Gallais Sérézal |, et al.
CD49a expression defines tissue-resident CD8*

Original Investigation Research

T cells poised for cytotoxic function in human skin.
Immunity. 2017;46(2):287-300. doi:10.1016/j.
immuni.2017.01.009

44. MikiH, Han KH, Scott D, Croft M, Kang YJ.
4-1BBL regulates the polarization of macrophages,
and inhibition of 4-1BBL signaling alleviates
imiquimod-induced psoriasis. J Immunol. 2020;
204(7):1892-1903. doi:10.4049/jimmunol.
1900983

45. Ward-Kavanagh LK, Lin WW, Sedy JR,

Ware CF. The TNF receptor superfamily in
co-stimulating and co-inhibitory responses. Immunity.
2016;44(5):1005-1019. doi:10.1016/j.immuni.2016.
04.019

JAMA Dermatology Published online October 13, 2021

EN


https://dx.doi.org/10.1172/JCI93396
https://dx.doi.org/10.1172/JCI93396
https://dx.doi.org/10.4049/jimmunol.1302313
https://dx.doi.org/10.4049/jimmunol.1302313
https://dx.doi.org/10.1016/j.jid.2018.02.030
https://dx.doi.org/10.1016/j.jid.2018.02.030
https://dx.doi.org/10.1084/jem.20151093
https://dx.doi.org/10.1038/jid.2014.261
https://dx.doi.org/10.1038/jid.2012.456
https://dx.doi.org/10.1016/j.immuni.2017.01.009
https://dx.doi.org/10.1016/j.immuni.2017.01.009
https://dx.doi.org/10.4049/jimmunol.1900983
https://dx.doi.org/10.4049/jimmunol.1900983
https://dx.doi.org/10.1016/j.immuni.2016.04.019
https://dx.doi.org/10.1016/j.immuni.2016.04.019
http://www.jamadermatology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2021.3492

