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TRANSLATIONAL SCIENCE

Immunomics analysis of rheumatoid arthritis
identified precursor dendritic cells as a key cell subset
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ABSTRACT

Objectives Little is known about the immunology
underlying variable treatment response in rheumatoid
arthritis (RA). We performed large-scale transcriptome
analyses of peripheral blood immune cell subsets to
identify immune cells that predict treatment resistance.
Methods We isolated 18 peripheral blood immune cell
subsets of 55 patients with RA requiring addition of new
treatment and 39 healthy controls, and performed RNA
sequencing. Transcriptome changes in RA and treatment
effects were systematically characterised. Association
between immune cell gene modules and treatment
resistance was evaluated. We validated predictive value
of identified parameters for treatment resistance using
quantitative PCR (qPCR) and mass cytometric analysis
cohorts. We also characterised the identified population
by synovial single cell RNA-sequencing analysis.
Results Immune cells of patients with RA were
characterised by enhanced interferon and IL6-JAK-STAT3
signalling that demonstrate partial normalisation after
treatment. A gene expression module of plasmacytoid
dendritic cells (pDC) reflecting the expansion of dendritic
cell precursors (pre-DC) exhibited strongest association
with treatment resistance. Type | interferon signalling was
negatively correlated to pre-DC gene expression. gPCR
and mass cytometric analysis in independent cohorts
validated that the pre-DC associated gene expression
and the proportion of pre-DC were significantly higher
before treatment in treatment-resistant patients. A
cluster of synovial DCs showed both features of pre-DC
and pro-inflammatory conventional DC2s.

Conclusions An increase in pre-DC in peripheral blood
predicted RA treatment resistance. Pre-DC could have
pathophysiological relevance to RA treatment response.

INTRODUCTION

Rheumatoid arthritis (RA) is a common chronic
autoimmune inflammatory disease characterised
by persistent synovitis and/or joint destruction.
Difficult-to-treat (D2T) RA is recognised as an
unsolved problem in the clinical setting."™ In the
treatment of RA, both patients and healthcare
providers need precision medicine that stratifies

% Kazuhiko Yamamoto

,” Kazuyoshi Ishigaki,*

WHAT IS ALREADY KNOWN ON THIS SUBJECT

= Limited information is available about
the immune cells that are associated with
rheumatoid arthritis (RA) treatment resistance.

WHAT THIS STUDY ADDS

= RA treatment resistance can be predicted by an
increase in dendritic cell precursors (pre-DC) in
peripheral blood prior to treatment.

= The expression of genes reflecting an increase
in pre-DC is negatively correlated to the type |
interferon signature, which is associated with
good therapeutic response.

= The gene expression of synovial pre-DC-like
cells is similar to pro-inflammatory cDC2s.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Stratified treatment of RA might be possible
using pre-DC as a biomarker, and it might
be possible to develop new therapies for

treatment-resistant RA by targeting pre-DC.

treatment based on the predictions of treatment
response.

To elucidate the causes of RA and predict ther-
apeutic efficacy, transcriptome analyses have been
performed on peripheral blood mononuclear cells® ¢
and synovia.”® To date, type I interferon (IFN) gene
signature or activity’* '” has been proposed as predic-
tive factor of treatment response. As for myeloid
cells, the evidence suggests a relationship between
treatment response and myeloid cells including
dendritic cells (DC). An increase in conventional (c)
DC in peripheral blood is correlated with treatment
response to a tumour necrosis factor (TNF) inhib-
itor, infliximab."" For adaptive immune cells, T
cells'*™* and B cells""* also exhibited association
with therapeutic response. In RA synovium, treat-
ment response showed association with expression
of DC adhesion molecules.” Synovial macrophage
and myeloid DC gene signatures were associated
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Rheumatoid arthritis

with higher response rates to interleukin (IL)-6 receptor inhib-
itor, tocilizumab (TCZ).}

Dendritic cell precursors (pre-DC) are recently identified
subpopulation of DCs. In 2017, See et al demonstrated that there
are cells that are included in the subset of cells that have conven-
tionally been considered plasmacytoid (p) DC, and that while
pre-DC shares many of the same markers as pDC, they differen-
tiate into cDC1 and ¢DC2.%° They propose that IL-12 produc-
tion and naive CD4" T cell stimulation, which have traditionally
been considered functions of pDC, are in fact functions of pre-
DC, not pDC. Compared with pDC, pre-DC characteristically
express CD33 (SIGLEC3), CX3CR1, SIGLEC6 (CD327), CD2
and CDS. In 2017, Villani et al also identified DC subfractions
DC1 through DC6 by means of single cell (sc) RNA-sequencing
(RNA-seq) of human peripheral blood, and identified AS DC
as a DC subfraction that was characterised by the expression of
AXL, SIGLEC1 and SIGLEC6 and that powerfully activated T
cells.”! It is believed that pre-DC and AS DC are largely overlap-
ping populations.?

To date, there have been no comprehensive studies of the
immune cells that play a pivotal role in treatment-resistant RA.
We recently constructed an atlas for the detailed gene expres-
sion profiles of peripheral blood immune cells in patients with
immune diseases (the Immune Cell Gene Expression Atlas from
the University of Tokyo (ImmuNexUT)).”® In this study, we
performed a comprehensive assessment of the transcriptome
profiles of immune cells in peripheral blood prior to treatment
in a total of 55 patients with RA, 24 of whom had been reported
in ImmuNexUT and 31 of whom were newly added, and
assessed the gene expressions and subsets that predict treatment
resistance. Then, we evaluated the association of pre-DC with
treatment-resistance of RA in two independent cohorts.

MATERIALS AND METHODS

See online supplemental materials and methods.

Patient and public involvement
Patients and/or the public were not involved in the design, or
conduct, or reporting, or dissemination plans of this research.

RESULTS

Clinical features of RA and HC populations

To identify parameters related to the response to molecular
targeted therapy, we recruited 55 patients with active RA who
required addition or switching of disease-modifying antirheu-
matic drugs (online supplemental materials and methods). We
also included 39 healthy control (HC) volunteers in the analysis
(figure 1A). No significant differences in the age or sex were
found between the RA and HC populations (online supple-
mental table 1).

Overall picture of immune cell subset RNA-seq data

We performed RNA-seq for 55 patients with RA and 39 HC
volunteers for each of the 18 peripheral blood immune cell
subsets, sorted or isolated based on cell surface antigens (online
supplemental table 2). We performed a second RNA-seq anal-
ysis for 20 (36.4%) of the 55 patients (of these 20, 15 received
abatacept (ABT) and 5 TCZ) at 6 months after treatment initia-
tion to assess effects of treatment on immune system using gene
expression. After stringent quality control, 1701 samples with
consistent gene expression pattern were included in the analysis
(online supplemental figure 1A). In a principal component anal-
ysis (PCA), gene expression profiles of the different samples in

each subset were similar, with only minor differences between
the RA and HC populations (figure 1B, online supplemental
figure 1B). Most of the variance in gene expression was explained
by the subset (median 74%) and the individual (median 6.1%),
although some (median 0.45%) depended on the differences
between the RA and HC populations (figure 1C). The explained
variance associated with the batches between the datasets was
only 0.00055% (median), demonstrating the appropriateness of
combining the datasets (online supplemental method).

Genes with varying expression in RA immune cells and
therapeutic medication efficacy

For investigating the differences in each type of immune cell
between the RA and HC populations, we performed a Gene
Set Enrichment Analysis (GSEA) for each subset of genes with
varying expression in the RA population prior to treatment rela-
tive to the HC population (figure 2A, online supplemental figure
2). Increased expression of IFN response genes and IL6-Janus
kinase (JAK)-signal transducer and activator of transcription
(STAT) response genes was found in various subsets with RA
population.

Next, we performed GSEA on the immune cells before and
after treatment with ABT (n=135, figure 2B and C). Notably,
although ABT treatment significantly improved disease activity,
ABT did not suppress the expression of IFN-response genes
before and after treatment in most immune cells (figure 2C). ABT
tended to decrease the expression of genes related to various
inflammatory responses including IL6-JAK-STAT3 signalling
and cell proliferation in B and CD4* T cell subsets (figure 2C).
A decrease in expression of MYC-associated genes and oxidative
phosphorylation-associated genes were observed in plasmablasts
after treatment (figure 2C, online supplemental figure 3).

In TCZ-treated patients with RA, inflammatory response
genes were downregulated in monocytes, although the result
was statistically limited by the small number of patients in the
TCZ treatment group (n=35, online supplemental figure 4).

Pre-DC genes in peripheral blood are associated with poor
treatment prognoses

To clarify baseline characteristics of the immune cells in RA
with a poor treatment response, we defined patients who had
achieved CDAIS0 at 6 months as responders.** % We did not use
the EULAR criteria of D2T RA for defining treatment response.
Power analysis suggested that the total number of patients neces-
sary for the identification of small, medium and large treatment
response predictors are 394, 54 and 24, respectively. Therefore,
we can expect to identify medium to strong predictors with our
cohort of 55 patients with RA. No significant background clinical
and treatment differences existed between the responders and
the non-responders (online supplemental table 3). We prepared
co-expression gene modules based on a weighted gene co-ex-
pression network analysis (WGCNA) for each of the immune
cell subsets in the patients with RA, and investigated the associa-
tions with future treatment response.

Five hundred sixty-four modules were constructed with
WGCNA, and the strongest association with treatment resis-
tance was identified for a module ‘pDC_M18’ (figure 3A).
Permutation test showed that this association is not likely to
be a coincidence (empirical p=0.070, online supplemental
figure 5). The pDC_M18 genes were expressed at higher levels
in treatment-resistant RA compared with HC (figure 3B).
Notably, treatment did not significantly affect pPDC_M18 score
(figure 3C). Additionally, baseline pDC M18 was a better
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A Discovery cohort
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Overview of the study. (A) Study concept. (B) Using all RNA-seq samples from the RA (n=55) (before treatment/after treatment) and HC

(n=39) populations, PCA was performed using the 500 most highly variable genes. (C) A linear mixed model was used to perform gene expression
variance decomposition on the RNA-seq samples. The fixed effect or age on gene expression, and the random effects of the immune cell subset,
individual, difference between RA and HC (disease), sex and each of the four dataset batches was calculated. ABT, abatacept; CyTOF, cytometry by
time of flight; DC, dendritic cell; FACS, fluorescence-activated cell sorting; GSEA, Gene Set Enrichment Analysis; HC, healthy control; IFN, interferon;
MACS, magnetic-activated cell sorting; PCA, principal component analysis: qPCR, quantitative PCR;, RA, rheumatoid arthritis; RNA-seq, RNA-
sequencing; TCZ, tocilizumab; WGCNA, weighted gene co-expression network analysis. Definitions of the subsets are presented in online supplemental

table 2.

predictor of response than anticitrullinated protein antibody
(ACPA) or disease duration, which are established clinical
parameters for resistance to therapy (figure 3D).*?® In addi-
tion, we found no significant association between pDC M18
expression and any clinical measures (online supplemental
figure 6A-G), although the pDC_M18 expression tended to be

higher in patients with longer disease duration than in patients
with shorter disease duration (with the cut-off being defined
as 1 year from onset)?” (p=0.068) (online supplemental figure
6G). Moreover, pDC_M18 tended to predict treatment resis-
tance regardless of the type of molecular targeted drug (online
supplemental figure 6H). The pDC_M18 module consisted of
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A RA in comparison to HC
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Figure 2 RA immune cell gene expression and abatacept treatment-induced partial normalisation. (A) The GSEA results in the RA population prior
to treatment compared with the HC population for each subset. Gene sets with |[NES| >2.5 in at least one subset were targeted; white indicates that
enrichment was not significant. (B) Clinical treatment effects of ABT. (C) The GSEA results for RA before and after treatment with ABT. The eight gene
sets from (A) with increased expression in the RA population and the gene sets with a change in the [NES| >2.5 in at least one subset are shown.
Pathways with false discovery rate <0.05 are coloured. ABT, abatacept; CDAI, clinical disease activity index; GSEA, Gene Set Enrichment Analysis; HC,
healthy control; NES, normalised enrichment score; RA, rheumatoid arthritis. Definitions of the subsets are provided in online supplemental table 2.

207 genes (online supplemental table 4) and the network of the
top 50 hub genes is shown in figure 3E.

Pre-DC is a subset that shares many of the same markers as
pDC and differentiates into ¢DC1 and ¢DC2.%° Unexpectedly,
the hub genes of pDC_M18 included a number of pre-DC signa-
ture genes, such as CD33, CX3CR1, KLF4 and CD22. In fact,
13 of the genes were included in the pre-DC signature genes
reported by See et al*® (online supplemental table 5) (CD22,
CD244, CD33, CD63, CD93, CLEC10A, CLEC12A, CX3CR1,
ITGAX, KLF4, KLF8, RAB32 and SIGLEC6; OR=48.8; p<2.2e-
16). Of the pDC WGCNA modules, only pDC_M18 exhibited
significant overlap with the pre-DC signature genes (OR=27.4,
p=1.0e-13; figure 3F). In addition, a clear correlation was
found with the expression level of module eigengene (ME) of
this module for the proportion of pre-DC in the pDC sample,
estimated by deconvolution applying the data from the paper of
See et al using CIBERSORTx® (r=0.70, p=9.0e-8) (figure 3G).
Pre-DC is contained in the subset that have conventionally been
considered pDC.?" It was therefore thought that pDC_M18
reflects the proportion of pre-DC in pDC.

AS DC is a subfraction of DC that overlaps with pre-DC*
and is characterised by the expression of AXL, SIGLECI and
SIGLECG6 and powerfully activates T cells.”! The signature genes
of AS DC, defined by Villani et al, are enriched in the pDC_
M18 module with 13 overlapping genes (OR=12.5; p=4.4e-
10; ACPP, ADAM33, AXL, CD22, CX3CR1, CXCR2, FAM129A,
GPR146, HIP1, KLF4, S100A10, SIGLEC1 and SIGLEC6)
(online supplemental table 5,online supplemental figure 7A).
The pDC_M18 module can therefore reflect the proportion of
AS DC, similar to that of pre-DC (r=0.69, p=1.3e-7) (online
supplemental figure 7B).

In other words, the cells fractionated as pDC contain cell frac-
tions referred to as pre-DC and AS DC. The fact that these cells

are increased in treatment-resistant patients with RA is reflected
in the gene expression profile.

Next, in a validation cohort (n=19) of patients with RA prior
to the initiation of new treatment, we performed quantitative
PCR for the pDC in peripheral blood collected before treatment
and evaluated the mean Z-scores of the expression of the hub
genes in pDC_M18 (figure 1A). No significant differences in
pretreatment activity were found between the responders (n=9)
and the non-responders (n=10) (online supplemental table 6).
The pDC_M18 hub genes were expressed in significantly higher
levels in the treatment-resistant group (p=0.043, figure 3H),
and the relationship between high expression of pre-DC genes
in the pDC fraction and treatment resistance was reproduced.

Inverse correlation between pre-DC gene expression and IFN
gene expression

To investigate the effects of pDC_M18 expression on immune
cells, we searched for genes associated with pDC_M18 expres-
sion in each immune cell subset in the discovery cohort. A high
level of pDC_M18 expression inversely correlated to a low level
of expression of IFN-related genes, particularly in pDC and
CD16n Mono (figure 4A-4C and online supplemental figure
8). Additionally, in all immune cell subsets studied, an inverse
correlation was found between genes included in the pDC_M18
module and the IFN-o response signature (figure 4D,E). The
IFN-o response signature expression was increased in responder
patients with RA, particularly in CD16n Mono (figure 4F,
online supplemental figure 9). Although type I IFN gene
signature has been proposed as predictive factor for treatment
response,” ' IFN-o response signature expression in CD16n
Mono only showed modest predictive power for CDAIS0 at 6
months (figure 4G). Using mediation analysis, we tested whether
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before treatment in a separate validation cohort (n=19) of patients with RA before starting a new therapy, and the pDC_M18 expression signatures
of the non-responder and responder groups were compared. *P<0.05, **p<0.01. ABT, abatacept; AUC, area under the curve; CCP, citrullinated
protein antibody; HC, healthy control; ME, module eigengene; pDC, plasmacytoid dendritic cell; pre-DC, predendritic cells; gPCR, quantitative PCR; RA,
rheumatoid arthritis; TCZ, tocilizumab; WGCNA, weighted correlation network analysis.

IFN-o. response signature of CD16n Mono has a direct effect peripheral blood prior to treatment and treatment prognosis in a
on CDAIS50 response at 6 months or was indirectly mediated second validation cohort (n=28) of patients with RA who were
by pDC_M18. pDC_M18 significantly mediated the effects of  going to start ABT therapy (figure 1A). When we compared the
IFN-o. response signature expression on CDAIS0 (p=0.010) clinical characteristics from the responders (n=21) with those

(figure 4H). from the non-responders (n=7) (online supplemental table 7),
no significant differences were found between the two groups

An increase in the pre-DC cell population in peripheral blood in clinical findings except for age, which was lower in the

predicts treatment resistance treatment-resistant group (p=0.017).

Next, we used mass cytometric analysis to further validate The cells were clustered based on data on the expression of

the relationship between the populations of immune cells in 36 cell surface proteins obtained through mass cytometry, and
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definitions are provided in online supplemental table 2.

the immune cells in the peripheral blood were classified into 27
populations (figure SA and B and online supplemental figure
10). However, no significant relationships to treatment prog-
nosis were found for any of these populations (figure 5C).
Because we were not able to identify pre-DC in the automated
clustering analysis, we performed manual gating, defining Lin
(CD34, CD3, CD14, CD19, CD16)" HLA-DR" CD45RA*
CD123% CD11c¢™# ™4 CX3CR1* as pre-DC (online supple-
mental figure 11), which was consistent with the pre-DC gating
used in the paper of See et al** (online supplemental figure 12).
The proportion of pre-DC relative to DC in the peripheral
blood obtained prior to treatment was significantly higher in the
treatment-resistant group (p=4.0e-06) (figure 5D and online
supplemental table 8). The proportion of pre-DC prior to

treatment also had superior prognosis predictive performance to
ACPA or disease duration, with an area under the curve of 0.95
(figure SE). With a cut-off value of pre-DC ratio below 2.3%,
the sensitivity and specificity of treatment response were 81%
and 100%, respectively. Additionally, the proportion of pre-DC
was higher in patients with a longer disease duration (p=0.038)
(figure SF).

We performed a meta-analysis using three cohorts of pre-DC
signatures by combining the results of gene expression and cell
frequency analyses. Forest plots revealed that the direction and
strength of the association was consistent between pre-DC signa-
ture and treatment non-response (Cochran’s Q test p=0.35,
*=3.8%, fixed-effect meta-analysis p<0.0001, online supple-
mental figure 13).
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Figure 5 Search of immune cells associated with prognosis by mass cytometry of patients with RA before ABT treatment initiation. (A) tSNE plot
of the peripheral blood immune cell population in 28 patients with RA before ABT therapy. The mass cytometry data for 36 cell surface markers
were clustered, and 27 cell populations identified. (B) Representative plots of several cell surface markers. The same tSNE plots as those described
in (A) were used. (C) Comparison of the proportion of the 27 cell populations with treatment prognosis (achievement of CDAI50 after 6 months).
(D) Comparison of proportions of pre-DC relative to DC with treatment prognosis. (E) ROC curve for the proportion of pre-DC before treatment and
treatment prognosis. The dotted line is that of the anti-CCP antibody and treatment prognosis, and the dotted and dashed line is that of disease
durations and treatment prognosis. (F) The proportions of pre-DC, pDC and mDC in the longer (>1year) or shorter (<1 year) disease duration
groups were compared. *P<0.05, ***p<0.001. AUC, area under the curve; CCP, citrullinated protein antibody; mDC, myeloid dendritic cells; pre-DC,
predendritic cells; pDC, plasmacytoid dendritic cells; RA, rheumatoid arthritis; tSNE, t-distribution stochastic neighbour embedding.
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Figure 6 Synovial dendritic cells single cell RNA-sequencing analysis of untreated RA. (A) UMAP plot of synovial DCs from patients with untreated
RA (n=16, 3804 cells). (B) Violin plots of DC cluster marker gene expressions. (C) Match rate with pDC_M18 genes in each DC cluster signature genes.
The match rate of pre-DC-like cluster was compared with other DC clusters with Fisher's exact tests. (D—E) ORs of cDC2 and c¢DC1 signature genes

(D) or pro-inflammatory cDC2B and anti-inflammatory cDC2A signature genes (E) in each DC cluster signature genes. (F) DC cluster proportions,
stratified by disease duration (duration <3years=early, n=9). *P<0.05, **p<0.01, ***p<0.001. Pre-DC, predendritic cells; pDC, plasmacytoid

dendritic cell; RA, rheumatoid arthritis.

Synovial pre-DC-like cells are similar to inflammatory cDC2s
Finally, to investigate the pathophysiological relevance of pre-DC
in arthritis, we analysed previously reported synovial single cell
RNA-seq data of treatment-naive patients with RA (n=16).>" We
separated DCs from CD45" synovial immune cells, and clus-
tering analysis identified 10 DC clusters (online supplemental
materials and methods figures 1A, 6A,B). The IL3RA expression
clearly distinguished pDC from cDCs. A cluster of cDCs charac-
teristically expressed pDC_M18 genes, such as CLEC12A and
CD33, and we named them as ‘pre-DC-like’ cells (figure 6B,C).
The signature genes of this pre-DC-like cluster were clearly
enriched with pDC_M18 genes with an OR of 9.2 (p<2.2e-
16). Cluster marker genes, such as CLEC9A for ¢cDC1,* clearly
distinguished cDC1 clusters (CLEC9A™ DC and S1008B* DC)
from cDC2 clusters (pre-DC-like, SPP1* DC, CXCL8" DC and
cDQ) (figure 6B,D). LAMP3" DCs uniquely expressed LAMP3,
a reported marker of regulatory DC that limit antitumour
immunity.** Recently, cDC2 are subdivided to two clusters; anti-
inflammatory cDC2A and pro-inflammatory cDC2B.** Synovial
pre-DC-like cells and other cDC2 populations expressed signa-
ture genes of pro-inflammatory cDC2B (figure 6E). On average,
32% of the synovial DCs were pre-DC-like, and the frequency
was higher in patients with RA in longer duration (with the cut-
off being defined as 3 years from onset here) (figure 6F, p=0.16),
consistent with our peripheral blood data.

DISCUSSION

In this study, we characterised the gene profiles of the immune
cells of patients with RA and demonstrated that treatment resis-
tance can be predicted by an increase in pre-DC in the peripheral
blood of patients with RA prior to starting therapy. This result
shows the potential for realising a stratified therapy of RA based
on analysis of pre-DC in peripheral blood, which is minimally
invasive, and also shows that pre-DC may be involved in the
immunopathology of treatment-resistant RA.

No significant differences were found between the poor treat-
ment prognosis group and the good treatment prognosis group
in rheumatoid factor (RF), ACPA or disease duration (online
supplemental table 3) and pre-DC was superior for predicting
the prognosis than these known clinical prognosis predictive
factors (figures 3D and SE). Although ACPA has been reported
to predict more severe radiographic damage after several years
of follow-up,****7¢ studies of patients with RA presenting within
3 months or 2years of symptom onset reported no differences
in disease activity according to ACPA status.’” ** Also, a meta-
analysis of randomised controlled trials showed that the effects
of disease duration on treatment resistance was modest.”® In our
study, in fact, none of the three cohorts showed significant differ-
ences in ACPA status or disease duration between responders
and non-responders (online supplemental tables 3,6,7). Pre-DC
in peripheral blood may be associated with treatment resistance

816

Yamada S, et al. Ann Rheum Dis 2023;82:809-819. doi: 10.1136/ard-2022-223645

yBuAdoo Aq paroalold 1sanb Aq £20z ‘6 udy Uo jwod fwg pre/:dny woly papeojumoqd "£20Z UdJeN +T U0 S798Z2-2202-PIe/9sTT 0T Se paysignd 1siy) :SIg wnayy uuy


https://dx.doi.org/10.1136/ard-2022-223645
https://dx.doi.org/10.1136/ard-2022-223645
https://dx.doi.org/10.1136/ard-2022-223645
https://dx.doi.org/10.1136/ard-2022-223645
https://dx.doi.org/10.1136/ard-2022-223645
http://ard.bmj.com/

Rheumatoid arthritis

via a distinct mechanism and can be a more sensitive prognostic
predictor.

Moreover, the results of this study suggest that there is an
increase in pre-DC in the peripheral blood prior to treatment
in patients with a long (=1 year) disease duration. This is consis-
tent with reports that the duration of disease tends to be longer
in treatment-resistant patients.”® It is known that in early RA
there is a so-called window of opportunity in which treatment
response is good.”” An increase in pre-DC may have an immu-
nological foundation, where treatment response worsens as
the disease duration increases. Delay to initial treatment is a
risk factor of refractory RA,® which can also be associated with
pre-DC.

Recently, the human DC have been categorised in greater
detail. Villani et al used scRNA-seq to establish six populations.*!
AS DC, a population that is comparable to pre-DC, has been
shown to be increased in paediatric patients with systemic lupus
erythematosus (SLE).** Pro-inflammatory ¢DC2s, which can
present antigen to CD4 T cells and are known both as cDC2B or
cDC3," were expanded in SLE and were correlated with disease
activity.*?

As for arthritis, there was no difference in the distribution
of pDC or mDC in the peripheral blood between juvenile idio-
pathic arthritis (JIA) and septic arthritis*® or between JIA and
HC.* In contrast, the number of CD141% ¢DC (cDC1) in
the synovial fluid was significantly higher in patients with JIA
than in patients with septic arthritis.*> Synovial ¢cDC1 is also
reported to be increased in patients with RA and induce higher
levels of CD4* and CD8™ T cell activation compared with their
peripheral blood counterparts.* As for ¢<DC2, the same group
reported that, in patients with inflammatory arthritis, ¢cDC2
in synovium were increased and more mature, compared with
¢DC2 in peripheral blood.* In our synovial single-cell tran-
scriptome profiling, we identified pre-DC-like DCs occupied
around a third of synovial DC population and that were related
to pro-inflammatory ¢cDC2Bs (figure 6). cDC2Bs are suggested
to mediate T helper 17 responses.®® In treatment-resistant
patients, an increase in pre-DC may affect the synovial acquired
immune response in RA by stimulating the CD4™ T cells, either
as pre-DC-like cells themselves, or after further differentiating
into pro-inflammatory ¢cDC2s. We need to verify this hypothesis
with in vitro and in vivo experiments in the future. It has been
reported that, in a mouse model of influenza A virus infection,
pre-DC enter infected tissues,?” and it is possible that, in human
arthritis, as well, there is a link between an increase in pre-DC,
in the blood and at the joint, and inflammation.

In this study, we observed a negative correlation between
type I IFN signalling genes and pre-DC gene expression, and
pre-DC gene expression had a closer relationship with treatment
response than IFN-a signalling (figure 4). It is possible that IFN
signalling is inhibitory on pre-DC, or that pre-DC are antago-
nistic to the pDC that produces IFN-o. The type I IFN stim-
ulation is reported to limit ¢cDC differentiation and promotes
pDC differentiation.***’ Although type I IFN signalling has been
reported to be a factor that predicts development of RA,> type I
IFN signalling predicts a good therapeutic response to TCZ and
TNF inhibitors.” ? '° The extent of type I IFN signalling more-
over differs considerably depending on the individual patient
with RA,* and it has been reported that around 33% of patients
with RA exhibit increased type I IFN signalling.’! It is possible
that there are separate RA subtypes with different immunolopa-
thologies: RA with a relatively good prognosis characterised by
increased type I IFN signalling; and RA with a relatively poor
prognosis characterised by an increase in pre-DC.

One limitation of this study was that the patients’ existing
treatments and the new treatments they were going to start
receiving were not the same, and the analyses were therefore
performed using combined responses to various treatments. The
limited number of the discovery cohort might have also prohib-
ited the identification of other potential predictors of treatment-
response. In the future, a larger-scale investigation that also
takes into account differences in patients’ clinical pictures and/
or existing treatments should be conducted.

In conclusion, we discovered, through an analysis of the gene
expression profiles of immune cells in the peripheral blood
of patients prior to treatment, that an increase in pre-DC can
predict the prognosis of RA, and the reproducibility of this result
was confirmed using two cohorts. We also identified synovial
pre-DC-like cells that were similar to pro-inflammatory cDC2
in transcriptome. These results can contribute to our under-
standing of RA treatment stratification and the pathology of
non-responder RA.

Author affiliations

"Department of Allergy and Rheumatology, Graduate School of Medicine, the
University of Tokyo, Tokyo, Japan

“Department of Functional Genomics and Immunological Diseases, Graduate School
of Medicine, the University of Tokyo, Tokyo, Japan

3Department of Rheumatology, Beijing Hospital, National Center of Gerontology,
Institute of Geriatric Medicine, Clinical Immunology Center, Graduate School of
Peking Union Medical College, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China

“Laboratory for Human Immunogenetics, Center for Integrative Medical Sciences,
RIKEN, Kanagawa, Japan

>Department of Medicine and Rheumatology, Tokyo Metropolitan Geriatric Hospital,
Tokyo, Japan

SDepartment of Rheumatology, Tokyo Metropolitan Bokutoh Hospital, Tokyo, Japan
7Laboratory for Autoimmune Diseases, Center for Integrative Medical Sciences,
RIKEN, Kanagawa, Japan

®Allergy and Immunological Diseases, Tokyo Metropolitan Cancer and Infectious
Diseases Center Komagome Hospital, Tokyo, Japan

°Azuma Rheumatology Clinic, Saitama, Japan

"Immune-Mediated Diseases Therapy Center, Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan

Acknowledgements We thank generous supports for sample and clinical data
collection from Dr H Shirai, Dr J Maeda, Dr M Ogawa, Dr Haruka Takahashi, Dr

A Nishiwaki, Dr Hideyuki Takahashi, Dr T Itamiya, Dr Y Akutsu and H Ikeda of the
University of Tokyo, and T Ura of Azuma Rheumatology Clinic. The supercomputing
resource was provided by Human Genome Center, Institute of Medical Sciences, The
University of Tokyo (http://sc.hgc.jp/shirokane.html).

Contributors YN and KF designed the study and are responsible for the overall
content as guarantors. SY and YN conducted bioinformatics analysis with the help
of MOt and HH. SY, YN, MOt, HH, YTa, MOk, SK, YS, MN, RY, NH, Y1, SS and HK
contributed to sample and clinical data collection for RNA-sequencing (RNA-seq)
analysis. YTs, YS and KI contributed to critical reading and revision of the manuscript.
KK, KSh, KSe and TA contributed sample and clinical data collection for mass
cytometry analysis. YN, MW and XZ contributed to synovial single cell RNA-seq

data analysis. HS, KY, TO and KF managed the project. SY and YN wrote the first
manuscript with critical inputs from MOt, TO and KF. All authors contributed to the
final version of the manuscript and approved it.

Funding This research was supported by funding from Chugai, Bristol-
Myers Squibb, ONO PHARMACEUTICAL, Japan Agency for Medical Research
and Development (AMED) Grant Number JP22ek0410074h0003 and
JP17ek0109103h0003, and JSPS KAKENHI Grant Number 19K16973.

Competing interests YN, MOt, YTa and TO belong to the Social Cooperation
Programme, Department of Functional Genomics and Immunological Diseases,
supported by Chugai Pharmaceutical. KK receives speaking fees from Chugai
Pharmaceutical. HK receives speaking fees and research budget from Chugai
Pharmaceutical. KF receives consulting honoraria and research support from Chugai
Pharmaceutical. SY, YN, SS, KK and HS receives speaking fees from Bristol-Myers
Squibb. HK receives consulting fees and speaking fees from Bristol-Myers Squibb. KF
receives speaking fees and research support from Bristol-Myers Squibb.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Yamada S, et al. Ann Rheum Dis 2023;82:809-819. doi:10.1136/ard-2022-223645

817

yBuAdoo Aq paroalold 1sanb Aq £20z ‘6 udy Uo jwod fwg pre/:dny woly papeojumoqd "£20Z UdJeN +T U0 S798Z2-2202-PIe/9sTT 0T Se paysignd 1siy) :SIg wnayy uuy


http://sc.hgc.jp/shirokane.html
http://ard.bmj.com/

Rheumatoid arthritis

Ethics approval This study was approved by the Ethics Committees of the
University of Tokyo (G-10095, G-10084 and 2019017G). Participants gave informed
consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. The datasets generated during this study are available at the National
Bioscience Database Center (NBDC) with the study accession code of hum0214 and
hum0383. We used publicly available software for the analyses.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Yasuo Nagafuchi http://orcid.org/0000-0002-1316-8035
Yusuke Takeshima http://orcid.org/0000-0001-8312-9309
Norio Hanata http://orcid.org/0000-0002-0195-4039
Yukiko Iwasaki http://orcid.org/0000-0002-5786-0760
Xuan Zhang http://orcid.org/0000-0001-8775-1699
Kazuhiko Yamamoto http://orcid.org/0000-0001-9037-3625

REFERENCES

1 Kearsley-Fleet L, Davies R, De Cock D, et al. Biologic refractory disease in rheumatoid
arthritis: results from the British Society for rheumatology biologics register for
rheumatoid arthritis. Ann Rheum Dis 2018;77:1405-12.

2 de Hair MJH, Jacobs JWG, Schoneveld JLM, et al. Difficult-To-treat rheumatoid
arthritis: an area of unmet clinical need. Rheumatology (Oxford) 2018;57:1135-44.

3 Bécede M, Alasti F, Gessl |, et al. Risk profiling for a refractory course of rheumatoid
arthritis. Semin Arthritis Rheum 2019:49:211-7.

4 Buch MH. Defining refractory rheumatoid arthritis. Ann Rheum Dis 2018;77:966-9.

5 Sanayama Y, lkeda K, Saito Y, et a/. Prediction of therapeutic responses to tocilizumab
in patients with rheumatoid arthritis: biomarkers identified by analysis of gene
expression in peripheral blood mononuclear cells using genome-wide DNA microarray.
Arthritis Rheumatol 2014:66:1421-31.

6 Sellam J, Marion-Thore S, Dumont F, et a/. Use of whole-blood transcriptomic profiling
to highlight several pathophysiologic pathways associated with response to rituximab
in patients with rheumatoid arthritis: data from a randomized, controlled, open-label
trial. Arthritis Rheumatol 2014;66:2015-25.

7 Zhang F, Wei K, Slowikowski K, et al. Defining inflammatory cell states in rheumatoid
arthritis joint synovial tissues by integrating single-cell transcriptomics and mass
cytometry. Nat Immunol 2019;20:928-42.

8 Rivellese F, Surace AEA, Goldmann K, et al. Rituximab versus tocilizumab in
rheumatoid arthritis: synovial biopsy-based biomarker analysis of the phase 4 R4RA
randomized trial. Nat Med 2022;28:1256—68.

9 Mavragani CP, La DT, Stohl W, et al. Association of the response to tumor necrosis
factor antagonists with plasma type | interferon activity and interferon-beta/alpha
ratios in rheumatoid arthritis patients: a post hoc analysis of a predominantly Hispanic
cohort. Arthritis Rheum 2010;62:392-401.

10 van Baarsen LG, Wijbrandts CA, Rustenburg F, et al. Regulation of IFN response gene
activity during infliximab treatment in rheumatoid arthritis is associated with clinical
response to treatment. Arthritis Res Ther 2010;12:R11.

11 Richez C, Schaeverbeke T, Dumoulin C, et al. Myeloid dendritic cells correlate
with clinical response whereas plasmacytoid dendritic cells impact autoantibody
development in rheumatoid arthritis patients treated with infliximab. Arthritis Res Ther
2009;11:R100.

12 Ponchel F, Morgan AW, Bingham SJ, et a/. Dysregulated lymphocyte proliferation and
differentiation in patients with rheumatoid arthritis. Blood 2002;100:4550—6.

13 Hunt L, Hensor EM, Nam J, et al. T cell subsets: an immunological biomarker to
predict progression to clinical arthritis in ACPA-positive individuals. Ann Rheum Dis
2016;75:1884-9.

14 Ponchel F, Goéb V, Parmar R, et al. An immunological biomarker to predict MTX
response in early RA. Ann Rheum Dis 2014;73:2047-53.

15 Figueiredo CP, Bang H, Cobra JF, et al. Antimodified protein antibody response pattern
influences the risk for disease relapse in patients with rheumatoid arthritis tapering
disease modifying antirheumatic drugs. Ann Rheum Dis 2017;76:399-407.

16

17

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

Lewis MJ, Barnes MR, Blighe K, et al. Molecular portraits of early rheumatoid arthritis
identify clinical and treatment response phenotypes. Cell Rep 2019;28:2455-70.
Humby F, Durez P, Buch MH, et a/. Rituximab versus tocilizumab in anti-TNF
inadequate responder patients with rheumatoid arthritis (R4RA): 16-week outcomes
of a stratified, biopsy-driven, multicentre, open-label, phase 4 randomised controlled
trial. Lancet 2021;397:305-17.

Orange DE, Yao V, Sawicka K, et al. Rna identification of prime cells predicting
rheumatoid arthritis flares. N Engl / Med 2020;383:218-28.

Béldnescu A, Nat R, Regalia T, et al. Correlation between the immunophenotypical
presentation of dendritic cells and the clinical response to anti-rheumatic treatment in
rheumatoid arthritis. Rom J Intern Med 2003;41:255-67.

See P, Dutertre C-A, Chen J, et al. Mapping the human DC lineage through the
integration of high-dimensional techniques. Science 2017;356:eaag3009.

Villani A-C, Satija R, Reynolds G, et al. Single-Cell RNA-seq reveals new

types of human blood dendritic cells, monocytes, and progenitors. Science
2017,356:eaah4573.

Glinther P, Cirovic B, BaBler K, et al. A rule-based data-informed cellular consensus
map of the human mononuclear phagocyte cell space. Immunology [Preprint].

Ota M, Nagafuchi Y, Hatano H, et al. Dynamic landscape of immune cell-specific gene
regulation in immune-mediated diseases [dataset] 23]. Cell 2021;184:3006-21.
Mori S, Yoshitama T, Abe Y, et al. Retention of tocilizumab with and without
methotrexate during maintenance therapy for rheumatoid arthritis: the ACTRA-RI
cohort study. Rheumatology (Oxford) 2019;58:1274-84.

Inoue M, Kanda H, Tateishi S, et al. Evaluation of response criteria in rheumatoid
arthritis treated with biologic disease-modifying antirheumatic drugs. Arthritis Care
Res (Hoboken) 2020;72:942-9.

Meyer O, Labarre C, Dougados M, et al. Anticitrullinated protein/peptide antibody
assays in early rheumatoid arthritis for predicting five year radiographic damage. Ann
Rheum Dis 2003;62:120-6.

Huizinga TWJ, Amos Cl, van der Helm-van Mil AHM, et al. Refining the complex
rheumatoid arthritis phenotype based on specificity of the HLA-DRB1 shared epitope
for antibodies to citrullinated proteins. Arthritis Rheum 2005;52:3433-8.

Anderson JJ, Wells G, Verhoeven AC, et al. Factors predicting response to treatment
in rheumatoid arthritis: the importance of disease duration. Arthritis Rheum
2000;43:22-9.

van Vollenhoven RF, Emestam S, Geborek P, et a/. Addition of infliximab compared
with addition of sulfasalazine and hydroxychloroquine to methotrexate in patients
with early rheumatoid arthritis (swefot trial): 1-year results of a randomised trial.
Lancet 2009;374:459-66.

Newman AM, Steen CB, Liu CL, et al. Determining cell type abundance and expression
from bulk tissues with digital cytometry. Nat Biotechnol 2019;37:773-82.

Wu X, LiuY, lin S, et al. Single-Cell sequencing of immune cells from anticitrullinated
peptide antibody positive and negative rheumatoid arthritis [dataset] 31]. Nat
Commun 2021;12:4977.

Maier B, Leader AM, Chen ST, et al. A conserved dendritic-cell regulatory program
limits antitumour immunity. Nature 2020;580:257-62.

Brown CC, Gudjonson H, Pritykin Y, et al. Transcriptional basis of mouse and human
dendritic cell heterogeneity. Cell 2019;179:846-63.

van Jaarsveld CH, ter Borg EJ, Jacobs JW, et al. The prognostic value of the
antiperinuclear factor, anti-citrullinated peptide antibodies and rheumatoid factor in
early rheumatoid arthritis. Clin Exp Rheumatol 1999;17:689-97.

Westgeest AA, Boerbooms AM, Jongmans M, et al. Antiperinuclear factor:

indicator of more severe disease in seronegative rheumatoid arthritis. / Rheumatol
1987;14:893-7.

Kroot EJ, de Jong BA, van Leeuwen MA, et al. The prognostic value of anti-cyclic
citrullinated peptide antibody in patients with recent-onset rheumatoid arthritis.
Arthritis Rheum 2000;43:1831-5.

Cader MZ, Filer AD, Buckley CD, et al. The relationship between the presence of anti-
cydlic citrullinated peptide antibodies and clinical phenotype in very early rheumatoid
arthritis. BMC Musculoskelet Disord 2010;11:187.

van der Helm-van Mil AHM, Verpoort KN, Breedveld FC, et al. Antibodies to
citrullinated proteins and differences in clinical progression of rheumatoid arthritis.
Arthritis Res Ther 2005;7:R949-58.

Boers M. Understanding the window of opportunity concept in early rheumatoid
arthritis. Arthritis Rheum 2003;48:1771-4.

Nehar-Belaid D, Hong S, Marches R, et al. Mapping systemic lupus erythematosus
heterogeneity at the single-cell level. Nat Immunol 2020;21:1094-106.

Kvedaraite E, Ginhoux F. Human dendritic cells in cancer. Sci Immunol
2022;7:eabm9409.

Dutertre C-A, Becht E, Irac SE, et al. Single-cell analysis of human mononuclear
phagocytes reveals subset-defining markers and identifies circulating inflammatory
dendritic cells. Immunity 2019;51:573-89.

Cren M, Nziza N, Carbasse A, et al. Differential accumulation and activation of
monocyte and dendritic cell subsets in inflamed synovial fluid discriminates between
juvenile idiopathic arthritis and septic arthritis. front Immunol 2020;11:1716.

Throm AA, Moncrieffe H, Orandi AB, et al. Identification of enhanced IFN-y signaling
in polyarticular juvenile idiopathic arthritis with mass cytometry. JC/ Insight
2018;3:15.

818

Yamada S, et al. Ann Rheum Dis 2023;82:809-819. doi: 10.1136/ard-2022-223645

yBuAdoo Aq paroalold 1sanb Aq £20z ‘6 udy Uo jwod fwg pre/:dny woly papeojumoqd "£20Z UdJeN +T U0 S798Z2-2202-PIe/9sTT 0T Se paysignd 1siy) :SIg wnayy uuy


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1316-8035
http://orcid.org/0000-0001-8312-9309
http://orcid.org/0000-0002-0195-4039
http://orcid.org/0000-0002-5786-0760
http://orcid.org/0000-0001-8775-1699
http://orcid.org/0000-0001-9037-3625
http://dx.doi.org/10.1136/annrheumdis-2018-213378
http://dx.doi.org/10.1093/rheumatology/kex349
http://dx.doi.org/10.1016/j.semarthrit.2019.02.004
http://dx.doi.org/10.1136/annrheumdis-2017-212862
http://dx.doi.org/10.1002/art.38400
http://dx.doi.org/10.1002/art.38671
http://dx.doi.org/10.1038/s41590-019-0378-1
http://dx.doi.org/10.1038/s41591-022-01789-0
http://dx.doi.org/10.1002/art.27226
http://dx.doi.org/10.1186/ar2912
http://dx.doi.org/10.1186/ar2746
http://dx.doi.org/10.1182/blood-2002-03-0671
http://dx.doi.org/10.1136/annrheumdis-2015-207991
http://dx.doi.org/10.1136/annrheumdis-2013-203566
http://dx.doi.org/10.1136/annrheumdis-2016-209297
http://dx.doi.org/10.1016/j.celrep.2019.07.091
http://dx.doi.org/10.1016/S0140-6736(20)32341-2
http://dx.doi.org/10.1056/NEJMoa2004114
http://dx.doi.org/15526509
http://dx.doi.org/10.1126/science.aag3009
http://dx.doi.org/10.1126/science.aah4573
http://dx.doi.org/10.1016/j.cell.2021.03.056
http://dx.doi.org/10.1093/rheumatology/kez021
http://dx.doi.org/10.1002/acr.23914
http://dx.doi.org/10.1002/acr.23914
http://dx.doi.org/10.1136/ard.62.2.120
http://dx.doi.org/10.1136/ard.62.2.120
http://dx.doi.org/10.1002/art.21385
http://dx.doi.org/10.1002/1529-0131(200001)43:1<22::AID-ANR4>3.0.CO;2-9
http://dx.doi.org/10.1016/S0140-6736(09)60944-2
http://dx.doi.org/10.1038/s41587-019-0114-2
http://dx.doi.org/10.1038/s41467-021-25246-7
http://dx.doi.org/10.1038/s41467-021-25246-7
http://dx.doi.org/10.1038/s41586-020-2134-y
http://dx.doi.org/10.1016/j.cell.2019.09.035
http://dx.doi.org/10609067
http://dx.doi.org/3501470
http://dx.doi.org/10.1002/1529-0131(200008)43:8<1831::AID-ANR19>3.0.CO;2-6
http://dx.doi.org/10.1186/1471-2474-11-187
http://dx.doi.org/10.1186/ar1767
http://dx.doi.org/10.1002/art.11156
http://dx.doi.org/10.1038/s41590-020-0743-0
http://dx.doi.org/10.1126/sciimmunol.abm9409
http://dx.doi.org/10.1016/j.immuni.2019.08.008
http://dx.doi.org/10.3389/fimmu.2020.01716
http://dx.doi.org/10.1172/jci.insight.121544
http://ard.bmj.com/

Rheumatoid arthritis

45 Canavan M, Walsh AM, Bhargava V, et al. Enriched cd141+ dcs in the joint are 48 Laustsen A, Bak RO, Krapp C, et a/. Interferon priming is essential for human CD34+
transcriptionally distinct, activated, and contribute to joint pathogenesis. JC/ Insight cell-derived plasmacytoid dendritic cell maturation and function. Nat Commun
2018;3:23. 2018;9:3525.

46 Canavan M, Marzaioli V, Bhargava V, et al. Functionally mature cd1c+ dendritic cells 49 Lutz K, Musumeci A, Sie C, et al. Ly6D. Nat Commun 2022;13:3456.
preferentially accumulate in the inflammatory arthritis synovium. Front Immunol 50 Lubbers J, Brink M, van de Stadt LA, et al. The type | IFN signature as a biomarker of
2021;12:745226. preclinical rheumatoid arthritis. Ann Rheum Dis 2013;72:776-80.

47 Cabeza-Cabrerizo M, van Blijswijk J, Wienert S, et al. Tissue clonality of dendritic 51 Higgs BW, Liu Z, White B, et al. Patients with systemic lupus erythematosus, myositis,
cell subsets and emergency dcpoiesis revealed by multicolor fate mapping of DC rheumatoid arthritis and scleroderma share activation of a common type | interferon
progenitors. Sci Immunol 2019;4:33. pathway. Ann Rheum Dis 2011;70:2029-36.

Yamada S, et al. Ann Rheum Dis 2023;82:809-819. doi:10.1136/ard-2022-223645 819

yBuAdoo Aq paroalold 1sanb Aq £20z ‘6 udy Uo jwod fwg pre/:dny woly papeojumoqd "£20Z UdJeN +T U0 S798Z2-2202-PIe/9sTT 0T Se paysignd 1siy) :SIg wnayy uuy


http://dx.doi.org/10.1172/jci.insight.95228
http://dx.doi.org/10.3389/fimmu.2021.745226
http://dx.doi.org/10.1126/sciimmunol.aaw1941
http://dx.doi.org/10.1038/s41467-018-05816-y
http://dx.doi.org/10.1038/s41467-022-31054-4
http://dx.doi.org/10.1136/annrheumdis-2012-202753
http://dx.doi.org/10.1136/ard.2011.150326
http://ard.bmj.com/

	Immunomics analysis of rheumatoid arthritis identified precursor dendritic cells as a key cell subset of treatment resistance
	Abstract
	Introduction﻿﻿
	Materials and methods
	Patient and public involvement

	Results
	Clinical features of RA and HC populations
	Overall picture of immune cell subset RNA-seq data
	Genes with varying expression in RA immune cells and therapeutic medication efficacy
	Pre-DC genes in peripheral blood are associated with poor treatment prognoses
	Inverse correlation between pre-DC gene expression and IFN gene expression
	An increase in the pre-DC cell population in peripheral blood predicts treatment resistance
	Synovial pre-DC-like cells are similar to inflammatory cDC2s

	Discussion
	References


