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Baricitinib is a Janus kinase (JAK) 1 and 2 inhibitor approved for treating
rheumatoid arthritis (RA). The JAK/STAT system is essential in the intracellular
signaling of different cytokines and in the activation process of the monocyte
lineage. This study verifies the effects of baricitinib on STAT phosphorylation in
monocytes of RA patients and evaluates the correlation between STAT
phosphorylation and response to therapy. We evaluated the disease activity
of patients (DAS28CRP) at baseline (T0O) and after 4 and 12 weeks (T1-T3) of
treatment with baricitinib, dividing them into responders (n = 7) and non-
responders (n = 7) based on the reduction of DAS28CRP between TO and T1 of
at least 1.2 points. Through flow cytometry, STAT1 phosphorylation was
analyzed at TO/T1/T3 in monocytes, at basal conditions and after 1L2, IFNa,
and IL6 stimulation. We showed that monocyte frequency decreased from TO
to T1only in responders. Regarding the phosphorylation of STAT1, we observed
a tendency for higher basal pSTATL in monocytes of non-responder patients
and, after 4 weeks, a significant reduction of cytokine-induced pSTATL in
monocytes of responders compared with non-responders. The single IFNo
stimulation only partially recapitulated the differences in STAT1
phosphorylation between the two patient subgroups. Finally, responders
showed an increased IFN signature at baseline compared with non-
responders. These results may suggest that monocyte frequency and STAT1
phosphorylation in circulating monocytes could represent early markers of
response to baricitinib therapy.
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Introduction

Rheumatoid arthritis (RA) is a systemic, chronic,
autoimmune disease affecting the synovial joints as well as
different organs (1). The activation of the innate and adaptive
immunity (monocytes, macrophages, mast cells, neutrophils,
dendritic cells, T lymphocytes, and B lymphocytes) is
responsible for the inflammation of the synovial membrane,
which in response determines a switch of synovial cells into
fibroblast-like synoviocytes (FLS), responsible for the aggressive
inflammatory phenotype of rheumatoid synovitis (1).
Monocytes, macrophages, and dendritic cells are mononuclear
phagocytes, and their roles in autoimmune and chronic
inflammatory diseases, such as RA, are crucial (2, 3). The
classification of monocyte subpopulations is based on the
expression of the surface markers CD14 and CD16:
the classical monocyte population (CD14+ CD16-/low), the
intermediate monocyte population (CD14+CD16+), and the
nonclassical monocyte population (CD14—/lowCD16+).
The proportion of monocytes belonging to the intermediate
and nonclassical groups may increase under different
pathological conditions and may indicate RA disease activity
and response to therapy (4). A previous analysis by Chara et al.
evaluated the association between circulating monocyte number
and subsets in RA patients treated with adalimumab, showing
their predictive value for clinical response after six-month
treatment (5).

The Janus-kinase (JAK) family includes JAKI, JAK2, JAK3,
and TYK2 receptor-associated tyrosine kinases, able to activate
the STAT (STATI, 2, 3, 4, 5A, 5B, and 6) transcription factors.
The JAK-STAT pathway is utilized by several type I and II
cytokines, such as interferon (IFN), GM-CSF, and IL-6, that play
a pathogenic role in RA (6). JAK-inhibitors are synthetic
targeted molecules designed to inhibit the JAK activation
pathway. Among the available JAK inhibitors, baricitinib
preferentially acts on JAK1/JAK2.

The JAK-STAT pathway is one of the most important
pathways for FLS proliferation and cartilage erosion through
the secretion of matrix metalloproteinases (MMPs) (7). Few data
are available on the effect of JAK inhibitors on FLS: IFNy-
induced adhesion and invasion ability are reduced (8), cell death
is accelerated and thickening of the synovium is abrogated (9).
Moreover, JAK-STAT is one of the intracellular signaling
cascades used in the activation and differentiation process of
monocytes; its inhibition with JAKi (tofacitinib and baricitinib)
was associated with a surface phenotype similar to non-activated
macrophages (M) (10). Moreover, recent evidence seems to
suggest that tofacitinib (JAK1/3 and, to a lesser extent, JAK2
inhibitor) can reduce not only the expression of inflammatory
but also of fibrotic markers, also inhibiting the differentiation of
macrophages toward a profibrotic phenotype (11). Additionally,
the migration and mobility capacities of macrophages are also
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co-linked to JAK-STAT activity, as demonstrated by the altered
chemotactic capacity of monocytes after peficitinib
treatment (12).

This study verified the effects of baricitinib treatment on
STAT phosphorylation in peripheral blood mononuclear cells
(PBMCs) of RA patients and evaluated any correlation between
STAT phosphorylation status and treatment response.

Materials and methods

Patients: inclusion criteria and
study design

We enrolled consecutive patients referred to the Rheumatology
outpatient clinic of the Sapienza University of Rome (Sapienza
Arthritis Center) with a diagnosis of Rheumatoid Arthritis (RA)
according to the American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR) 2010 criteria (13)
from January to December 2018. All patients started baricitinib at 4
mg daily for RA that was moderately to severely active and with an
inadequate response or intolerance to 21 conventional synthetic
Disease Modifying Antirheumatic Drugs (csDMARD:), as for local
indications. All patients signed a dedicated informed consent for
participation in this study. Before starting baricitinib, all patients
were screened for latent tuberculosis, previous hepatitis B/C virus
infections, and varicella-zoster. Patients with ongoing or recent
infections, a history of malignancy in the past 5 years, or any other
condition that contraindicated the initiation of baricitinib were
excluded from the study. Baseline demographic data (ethnicity, sex,
age) and clinical data were collected: weight, height, body mass
index (BMI), duration of disease, positivity for rheumatoid factor
(RF) and anti-citrullinated peptide antibodies (ACPA), number of
previous ¢sDMARDs, and biological Disease Modifying
Antirheumatic Drugs (bDMARDs). The disease activity was
assessed at the beginning and then after 4-12-24 weeks of
therapy (T0-T1-T3-T6), by the Disease Activity Score 28
(DAS28) calculated using C-Reactive Protein. Additionally, the
assessment of disease activity and pain (PhGA) and the patient
global assessment (PGA) by the physician were measured using a
visual analog scale (VAS 0-100 mm). Patients were considered
responders if, after 4 weeks, they had achieved at least a moderate
EULAR response (14). For this study, we selected seven
consecutive responders and seven consecutive non-
responder patients.

Preparation of human peripheral blood
mononuclear cells

Patient blood samples were collected on the same day of
treatment. The whole blood was first diluted in PBS Ix ata 1:1
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ratio, then gently layered on a volume (equivalent to the
starting blood volume) of Lympholyte (Cedarlane) and
centrifuged at 870g at room temperature for 25 min with low
acceleration/brake. PBMCs were collected at the interface
between the layers of Lympholyte and diluted blood and
washed with PBS 1x. After cell counting, PBMCs were frozen
in cryovials in FBS 10% DMSO and kept at —80°C until the
experiment day. PBMCs of all patients and at all time points
were longitudinally collected and frozen, to be thawed together
on the day of the experiment.

Flow cytometry for pSTATs

On the day of the analysis, PBMCs were thawed at 37°C,
counted and seeded in a 96-well plate. Cells were labeled with
viability dye for 30 min at room temperature, then with CD127
Alexa Fluor 647 (since this epitope was sensitive to subsequent
fixation), followed by cytokine stimulation that was performed
for 15 min at 37°C with a cocktail of IL-6 100 ng/ml
(PeproTech), IL-2 100 ng/ml (Roche), and IFN-o2b 40.000
IU/ml (Miltenyi Biotec). Then, cells were fixed and
permeabilized using Cytofix Fixation Buffer (BD Biosciences)
pre-warmed to 37°C and Perm Buffer III (BD Biosciences) pre-
cooled to -20°C, according to the instructions of the
manufacturer. Finally, intracellular staining was performed
with a cocktail of fluorochrome-conjugated antibodies in PBS
0.5% BSA for 30 min at room temperature. The staining was
performed according to the following panel: Viability Dye
eFluor780 (65-0865-14, Invitrogen), CD127 Alexa Fluor
647 (558598, BD Biosciences), CD4 PerCP-Cy 5.5 (560650,
BD Biosciences), CD8 Brilliant Violet 510 (563919, BD
Biosciences), CD14 Brilliant Violet 605 (564054,
BD Biosciences), FOXP3 Alexa Fluor 700 (56-4776-41,
Invitrogen), CD45RA Brilliant Violet 785 (304140,
Biolegend), phospho-STAT1 Alexa Fluor 488 (612596, BD
Biosciences), phospho-STAT3 Pacific Blue (560312, BD
Biosciences), phospho-STAT4 PE (558249, BD Biosciences),
and phospho-STATS5 PE-Cy7 (560117, BD Biosciences). In all
flow cytometry experiments, cells were acquired on LSR
Fortessa (BD Biosciences).

Flow cytometry for pSTAT1 in monocytes

Thawed cells were labeled with viability dye in PBS for 20
min at 37°C, followed by surface staining for 15 min at room
temperature in PBS 2% FBS. After stimulation with IFN-02b
40.000 IU/ml (Miltenyi Biotec) for 15 min at 37°C, cells were
fixed and permeabilized using Cytofix Fixation Buffer (BD
Biosciences) pre-warmed to 37°C and Perm Buffer III (BD
Biosciences) pre-cooled to -20°C, according to the
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instructions of the manufacturer. Fc Block (Human
TruStain FcX, Biolegend) in PBS was used to prevent the
unwanted binding of Fc receptor CD16 antibody. Finally,
intracellular staining was performed for 30 min at room
temperature in PBS with 0.5% BSA. The following panel
was used: Viability Dye Aqua Brilliant Violet 510 (L34957
A+B, Invitrogen), CD3 APC-Cy7 (317341, Biolegend), CD19
APC-eFluor780 (47-0199-42, Invitrogen), CD56 APC-
eFluor780 (47-0567-42, eBiosciences), CD14 BB700
(566466, BD Biosciences), CD16 Alexa Fluor 647 (557710,
BD Biosciences), HLA-DR PE-CF594 (562304, BD
Biosciences), and phospho-STAT1 Brilliant Violet 421
(566238, BD Biosciences).

Intracellular staining of interferon
stimulated genes

For the analysis of the protein levels of selected ISGs
(ISG15, PKR, and MX1), PBMCs were thawed at 37°C,
counted, and seeded in a 96-well plate, and then analyzed
directly or stimulated overnight at 37°C with or without IFN-
02b 40.000 TU/ml (Miltenyi Biotec). After stimulation, cells
were labeled with a viability dye for 30 min at room
temperature in PBS, followed by surface staining in PBS 2%
FBS for 20 min at 4°C. Cells were then fixed and
permeabilized using the FOXP3/Transcription Factor
Fixation/Permeabilization Buffers (eBioscience) according
to the instructions of the manufacturer. Fc Block (Human
TruStain FcX, Biolegend) in PBS was used to prevent the
unwanted binding of Fc receptor CD16 antibody. Finally,
intracellular staining was performed for 30 min at room
temperature in Permeabilization Buffer (eBioscience). The
flow cytometry panel was the following: Viability Dye
eFluor780 (65-0865-14, Invitrogen), CD14 Brilliant Violet
421 (563743, BD Biosciences), MXA Alexa Fluor 488
(AMab237298, Abcam), PKR Alexa Fluor 647
(AMab224921, Abcam), and ISG15 PE (IC8044P,
R&D Systems).

Statistical analysis

Analysis was performed using Flowjo 10.8 and Prism 8.0
(GraphPad Software) for statistical tests and graphical
presentations. Data are presented as means = SD. Two-way
ANOVA with Geisser-Greenhouse correction and Sidak’s
multiple comparisons test was used to assess intergroup
differences in longitudinal samples. A Mann-Whitney test was
used to assess differences between subgroups. All the P-values
lower than 0.1 are shown. A P-value of <0.05 was considered
statistically significant.
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Results

Dynamics and phosphorylation of STATs
in selected immune cell subtypes in
responder and non responder patients

Investigating a possible immunological marker of clinical
response to baricitinib in RA patients, we longitudinally
analyzed the frequencies and the STAT phosphorylation status
of four selected immune cell types, i.e., monocytes, CD4
conventional T cells (Tconv), regulatory T cells (Treg), and
CD8 T cells, identified according to the gating strategy shown in
Supplementary Figure 1A. The main characteristics of responder
(R = 7) and non-responder (NR = 7) patients are summarized
in Table 1.

At baseline, the frequency of monocytes and CD8 T cells tended
to be lower in R patients than in NR patients (n = 4/group); the
percentage of monocytes remained lower at all the time points,
reaching statistical significance at T3; conversely, Tconv and Treg
percentages were similar in R and NR and were not affected by
treatment with baricitinib (Supplementary Figure 2A).

Then, we assessed the phosphorylation status of multiple
STATs (1, 3, 4, and 5) in these immune cell subsets, either
unstimulated or briefly exposed to a cytokine cocktail pulse (IL-2,
IL-6, and IFN@), to estimate the pre-existing STAT activation, and
the responsiveness to a de novo stimulation, respectively. Overall,
the stimulation increased the phosphorylation of STAT 1, 3, and 5
in all cell subpopulations (while pSTAT4 was only detected at low
levels in Tconv and CD8 T cells) (Supplementary Figure 3), as also
evident in a multidimensionality reduction plot (Supplementary
Figure 4). When we analyzed the single STAT profiles, we did not
find significant differences between R and NR patients at any time
point, STAT, or cell type; however, we observed a trend, especially
regarding monocytes (Supplementary Figure 2B). Indeed, basal
STAT1 phosphorylation tended to be lower in monocytes of R
patients at all time points; conversely, cytokine-induced STAT1

TABLE 1 Clinical and demographic features of enrolled RA patients.

Clinical and demographic features of enrolled patients

Age (years), mean + SD

Female : Male

BMI*, mean + SD

Disease duration (months), mean + SD

Rheumatoid Factor, n (%)

ACPA, n (%)

DAS28CRP at baseline visit, mean + SD
Number of previous bDMARDs, n (%)

Baricitinib in monoterapy, n (%)

Daily PDN dose, mean + SD

10.3389/fimmu.2022.932240

phosphorylation was slightly reduced from T0 to T1 (but not at T3)
in R but not in NR patients (Supplementary Figure 2B, upper
left panel).

Based on this preliminary screening, we thus focused our
analysis on STAT1 phosphorylation at early time points in
monocytes, which were identified using a more conservative
gating strategy (Supplementary Figure 1B). This analysis
highlighted that, at TO, samples of R patients displayed a trend
towards lower monocyte percentage and higher cytokine-induced
STAT1 phosphorylation. Both monocyte percentage and
cytokine-induced STAT1 phosphorylation decreased from TO to
T1 only in R and not in NR patients (Figure 1). These results
suggest that monocyte dynamics and cytokine responsiveness in
terms of STAT1 phosphorylation might represent an immune
target associated with the clinical response to baricitinib.

Monocyte frequency and STAT1
phosphorylation after IFNo stimulation
decreased in responder patients

Recent data showed the influence of increased levels of
serum IFNa in predicting the response to TNFo inhibitors in
RA patients (15); considering the effect of the cytokine cocktail
stimulation on STAT1 phosphorylation in R versus NR patients,
we decided to investigate and isolate the effect of IFNo. We
therefore focused the subsequent analyses on the
characterization of monocyte response to IFNo, in PBMCs
collected at TO, T1, and T3 from R and NR patients (n = 5-6/
group) (Table 1). For this analysis, monocytes were gated using a
stringent strategy as CD3— CD56— CD19— HLADR+ CD14+/-
CD16+/- live single cells (Supplementary Figure 5). When
monocyte frequency was analyzed using this strategy, we
confirmed that R patients tended to have a lower monocyte
frequency at TO compared with NR, and that only R patients
experienced a decrease in monocyte frequency from TO to T1,

Responders n = 7 Non-responders n = 7 P
5277 + 13.5 59.95 + 13.18 ns
7:0 5:2 ns
24.03 £ 1.53 2453 +2.38 ns
137 £ 73.6 228 +136.12 ns
4(57.14) 3 (42.86) ns
4 (57.14) 3 (42.86) ns
553 + 1.4 582+ 1.17 ns
314+ 1.86 343+ 19 ns
5 (71.42) 3 (42.86) ns
228 +3.86 4+362 ns

SD, Standard Deviation; BMI, Body Mass Index; ACPA, anti-citrullinated peptide antibodies; DAS28CRP, Disease Activity Score 28 calculated with C-Reactive Protein; bDMARDs,

biological Disease Modifying Antirheumatic Drugs; PDN, prednisone.
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FIGURE 1

Monocyte frequency and STAT1 phosphorylation in response to a cytokine cocktail in R versus NR patients. (A) Representative overlays showing
monocytes percentages in PBMCs (upper panels) and STAT1 phosphorylation (pSTAT1) in untreated (—cytokines) or cytokine cocktail-stimulated
(+cytokines) monocytes (lower panels) in PBMCs of R and NR patients (n = 4/group), collected before (T0) and after 1 (T1) month post baricitinib
therapy starting. Numbers in tables indicate the gMFI of pSTATL in each condition; fmo, fluorescence-minus-one control. (B, C) Cumulative analysis of
monocyte percentage (B) and the rgMFI of pSTAT1 in monocytes (C), calculated by subtracting the gMFI of the respective fmo control, in PBMCs of R
and NR patients (n = 4/group), collected before (TO) and after 1 (T1) month post baricitinib therapy starting. Bars represent means P-values were
calculated by 2-way ANOVA with Geisser—Greenhouse correction and Sidak's multiple comparisons test.

partially restored at T3 (Figures 2A, B). The three
subpopulations of classical (CD14+CD16-), intermediate
(CD14+CD16+), and nonclassical (CD14-CD16+) monocytes
were identified: at all the tested time points, classical monocytes
represented most monocytes, and their frequency declined from
TO to T1 in R patients (Figures 2C, D).

We then analyzed the percentage of classical monocytes,
either unstimulated or shortly pulsed with IFNa, that were
positive for phosphorylated STAT1 (Figure 3A). Unstimulated
cells showed a certain proportion of phosphorylated STAT1
that decreased only in R patients from TO to T1 and
significantly to T3 (Figure 3B). After IFNo stimulation, we
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did not find any significant difference in the percentage of
pSTATI+ cells in R compared with NR patients; however,
there was a trend for higher pSTAT1+ monocytes at T0, which
was reduced at T3, in the monocytes of R patients compared
with NR (Figure 3C). Consequently, the difference in pSTAT1
+ cell percentage between unstimulated and stimulated cells
tended to increase from TO to T1 and T3 in R but not in NR
patients (Figure 3D). These data support the idea that the
modulation of basal STAT1 phosphorylation in monocytes is
associated with the clinical response to baricitinib and that
therapy may target the response of monocytes to cytokines
besides IFNo.
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FIGURE 2

Monocyte frequency and subpopulations in R versus NR patients. (A, B) Representative overlays (A) and distributions (B) of monocyte percentages

in PBMCs of R (n = 5) and NR (n = 6) patients, collected before (T0) and after 1 (T1) and 3 (T3) months post baricitinib therapy starting. P-values were
calculated by 2-way ANOVA with Geisser—Greenhouse correction and Sidak's multiple comparisons test. (C, D) Representative contour plots (C) and
stacked histograms (D) showing the percentage of classical, intermediate, and nonclassical monocytes in PBMCs of R (n = 5) and NR (n = 6) patients
at the indicated time points. P-values were calculated by 2-way ANOVA with Geisser—Greenhouse correction and Sidak’s multiple comparisons test,

comparing classical monocyte frequencies in the indicated conditions.

Monocytes from responder patients
basally express PKR, but not ISG15, at
higher levels compared to non-
responder patients

The data collected so far indicate that R patients had higher
STAT1 phosphorylation both basally and in response to IFNo.
stimulation. IFNou responsiveness can be modulated by the
pre-existing IFN signature. We analyzed, through intracellular
flow cytometry, the expression of ISG15—an IFNo-negative
regulator (16), with two other two ISGs, namely, PKR and
MXA, which do not play any known inhibitory role on STAT]I.
The expression of these genes was analyzed ex vivo or after a
culture overnight with IFNa., as a positive control. All three
proteins were upregulated after in vitro culture with IFNa, in
monocytes from both R and NR patients (Figure 4). ISG15 was
slightly higher in monocytes from R patients compared to NR
ex vivo, but the difference was no more evident after culture,
irrespective of IFNo addition (Figure 4B). Conversely, PKR
expression was significantly higher in monocytes from R
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patients both ex vivo and after culture and tended to be
higher in R than in NR after IFNa stimulation (Figure 4C).
Finally, MXA expression tended to be higher in R compared to
NR only at baseline (Figure 4D). These results confirm the
hypothesis that R patients may have a pre-existing IFN-STAT1
signature in their monocytes, which, however, does not prevent
subsequent IFN responses, and which may be a target of
baricitinib therapy.

Discussion

The inhibition of the JAK-STAT pathway in RA treatment
has gained increasing interest given the pleiotropic effects of this
class of drugs in immune and non-immune cells (16). In this
pilot investigation, we focused on the role of JAK-inhibition with
baricitinib in circulating monocytes. Our results suggest that
monocyte frequency and the IFN signature in circulating
monocytes represent early markers of response to baricitinib
in RA patients. Indeed, we observed that a higher baseline
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STAT1 phosphorylation in monocytes of R versus NR patients. (A) Representative contour plots showing the percentages of pSTAT1+ cells in gated
classical monocytes from PBMCs of one R and one NR patient, collected before (T0) and after 1 (T1) and 3 (T3) months post baricitinib therapy starting.
Cells were stained after culture for 30 min with (+IFNo) or without (~IFNa) 4 % 10* IU/ml of IFNco. (B—D) Cumulative distributions of the percentages of
pSTAT1+ cells without IFNa stimulation (B) or with IFNa: stimulation (C), and of the difference (A) between the two values calculated for each sample
and condition (D). The analysis was performed in PBMCs of R (n = 5) and NR (n = 6) patients at the indicated time points. Samples were included in
the analysis only if enough cells were found in the monocyte gate. P-values were calculated by 2-way ANOVA with Geisser—Greenhouse correction

and Sidak’s multiple comparisons test

expression of IFN-related genes and STAT1 phosphorylation
characterizes patients who will respond to baricitinib.

The first result of the study highlighted a reduction in the
frequency of circulating monocytes after 4 weeks of baricitinib
therapy only in responder patients; thus, the early reduction in
the percentage of circulating monocytes could be able to
discriminate responder patients.

Patients with RA have significantly higher percentages of
CD14+CD16+ monocytes than healthy subjects (17). Previous
studies have shown that glucocorticoids and TNF-inhibitors
can reduce CD14+CD16+ monocytes both in vivo and in vitro
(5, 18). A research aimed at studying the effect of TNEF-
inhibitors on the percentage of monocytes and their ability
to differentiate into osteoclasts showed that these drugs could
decrease the frequency of classical monocytes (CD14bright/
CD16-) after about 6 months of treatment, possibly
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contributing to the decrease of erosive damage during
therapy with TNF-inhibitors (19). Our data suggested that
baricitinib could also have the same effects on classical
monocytes: the change in CD14+/CD16- cells mostly
accounted for the decrease in the percentage of monocytes
detected in responder patients compared with non-
responders. In another study, TNF-inhibitors significantly
decreased CD14hi/CD16- monocytes compared with
placebo, whereas the CD14dim/CD16+ monocyte subclass
increased significantly; the authors concluded that the shift
toward nonclassical monocytes (CD14dim/CD16+) might
reflect the recruitment of this cell type to the inflammatory
site, an event associated with reduced disease activity (20).
Indeed, CD16bright/CD14+ monocytes showed a correlation
with disease activity in RA, as evaluated by clinical indices and
ultrasound (21, 22).
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FIGURE 4

Expression of ISGs in monocytes at therapy starting of R versus NR patients. (A) Representative histogram overlays plots showing the expression
of ISG15, PKR, and MXA by intracellular staining in gated classical monocytes from the PBMCs of one R and one NR patient collected at
baricitinib therapy starting (TO). Gray histograms represent the fmo, fluorescence-minus-one control; red represents cells stained ex vivo; green
represents cells stained after overnight (o.n.) culture; blue represents cells stained after o.n. culture in the presence of 4 % 10* IU/ml of IFNo..
Numbers in tables indicate the gMFI. (B—D) Cumulative distributions of the intracellular expression (measured as the gMFI) of ISG15 (B), PKR (C),
and MXA (D), in gated classical monocytes from PBMCs of R and NR patients (n = 5/group) collected at baricitinib therapy starting (T0), and
stained ex vivo or after overnight (o.n.) culture in the absence or the presence (o.n. + IFNa) of 4 % 10% IU/ml of IFNo. The dotted lines indicate
the average fmo values for each protein. P-values were calculated by Mann—Whitney test. .

We showed a trend in monocyte frequency before starting
treatment with baricitinib, with lower levels in R patients
compared with NR (not significant). We could not correlate
this event with disease activity at baseline, since R and NR
patients did not present significantly different disease activity at
baseline (data not shown).

Type I IFNs are considered crucial in the activation and
differentiation of monocytes, as well as in other innate immune
cells, and patients with autoimmune conditions have a peculiar
“IFN signature” (23, 24). This study confirmed the effect of
baricitinib on STAT1 phosphorylation in circulating monocytes,
leading us to hypothesize that STAT1 phosphorylation is
influenced by a different monocyte priming in patients who
will respond to baricitinib therapy than in those who will not
respond. Among the tested cytokines, our data suggest that
IFNo contributes to the basal phosphorylation status of STAT1
detected in patients who will respond to baricitinib. Indeed,
STAT]I activation is involved in the signaling cascade of all IFNs.
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Generally, binding of IFNs to their receptors leads to JAK1 and
STATI1 engagement and conformational changes to the active
form (25, 26).

Both infiltration of IFNy-producing T lymphocytes (27) and
elevated levels of STAT1 and STAT target genes (28) have been
observed in rheumatoid synovium, and treatment with
DMARDs was able to reduce synovial STAT1 expression only
in patients in whom the treatment was effective (29). These data
confirm the evidence that the IFN/JAK1-2/STATI signaling
pathway is involved in rheumatoid synovial inflammation.

The IFN signature, i.e., the set of genes induced by IFN, plays
a crucial role in RA pathogenesis, even from the earliest stages of
the disease onset. In a study on patients with inflammatory
arthralgia, naive to any treatment, the authors demonstrated that
patients who would develop RA had a specific IFN signature,
with an up-regulation of SIGLEC1 and MS4A4A, differently
from patients who presented with non-inflammatory arthralgia
(30). Moreover, the authors showed that the genes MSA4A,
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PDZKI1IP1, and EPHB2, at baseline and follow-up, were able to
discriminate patients with RA from healthy controls, assuming a
predictive value for RA development (30). In established RA,
IFN-related genes influence different cell functions such as
apoptosis, gene transcription, protein degradation, Th2
induction, and B lymphocyte proliferation (31). Castafieda-
Delgado et al. evaluated the different expression of IFN-related
genes in different disease stages, correlating their levels with the
production of ACPAs. They enrolled patients with RA in the
early stages and in established disease, comparing them with
patients at high risk of developing RA according to the positivity
of ACPA. Those patients with definite diagnosis and/or long-
standing disease showed an increased expression of ISG15
compared with early RA patients. In addition, the IFN
signature was significantly correlated with the positivity for
ACPA and anti-carbamylated protein antibodies (32).

ISG15 is a member of the ubiquitin family, involved in the
regulation of various cellular activities, including protein
stability, intracellular trafficking, cell cycle control, and
immune modulation. ISG15 and downstream members of
ISG15 activation are strongly induced by type I IFN and exert
negative feedback on the IFN pathway (33). ISG15 protects
Tconv cells from STAT1 phosphorylation and induces resistance
to IFNo-mediated depletion in Tregs, exerting negative
feedback, which can be explained by a desensitizing effect
from IFN stimulation (16). Less is known about ISG15 and
monocytes in RA. Our results showed that IFNa could induce
ISG15 in the whole cohort without a significant difference
between responders and non-responders.

To the best of our knowledge, no previous studies have
evaluated the effects of JAK inhibitors on a pre-existing IFN
signature and on IFN-induced modification of STATI
phosphorylation in patients with RA. A phase 2 study with
baricitinib in patients with systemic lupus erythematosus (SLE)
showed a significantly higher expression of the STAT1 gene in
SLE patients who had active disease at study entry. Additionally,
significant overexpression of STAT1 coupled with STAT2 at
baseline correlated with IFN predominance (34). In these
patients, treatment with baricitinib reduced mRNA expression
of the target genes of transcription factors STAT2 and STAT4,
but not STAT1 (34). This analysis was restricted to the baseline
IFN genes and did not mention the impact of baricitinib on
STAT phosphorylation and IFN-related genes.

In our cohort, the greatest effect of baricitinib in terms of
STAT phosphorylation was in STAT1, especially in monocytes.

Some literature data confirm different utilization of STATSs
in different immune cell subpopulations, supporting the role of
STAT1 in monocytes (35). Previous work showed that
circulating monocytes—and to a lesser extent, lymphocytes—
from patients with RA exhibit higher levels of STATI,
correlating with disease activity (36).

In a recent work on patients with RA (n = 29) and Systemic
Sclerosis (n = 21), the former showed a higher baseline level of
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STAT1 and STAT3 phosphorylation in CD3+ T cells and
monocytes compared with healthy controls (37). The authors
also investigated the effects of peficitinib, tofacitinib, and
baricitinib on STAT phosphorylation induced by IL-2, IL-4,
IL-6, IL-13, and IFN in T CD3+ lymphocytes and monocytes,
showing that all JAKi were able to suppress STAT
phosphorylation downstream of the different cytokines tested
(37). Consistent with the results of the study by Kitanaga et al.,
our data confirmed that baricitinib exerts an inhibitory effect on
STAT1 phosphorylation in monocytes stimulated with IL-2, IL-
6, and, above all, [IFNo.

In our work, STATI1 phosphorylation in monocytes
differentiated responder and non-responder patients; after only
4 weeks, monocytes of responder patients were less responsive—
in terms of STAT1 phosphorylation—to cytokine stimulation; in
contrast, in non-responders, the extent of STATI
phosphorylation was similar to that observed before therapy.
We could therefore suggest that higher baseline STAT1
phosphorylation and the decrease in pSTAT1+ monocytes
could be considered an early predictive marker of response to
therapy. A previous study suggested an association between the
phosphorylation of STAT6 and STAT] in circulating leukocytes
and the response to RA treatment (38). Kuuliala et al. analyzed
the intracellular phosphorylation of STAT1 and STAT6 in
response to IFNy and IL-4 in RA patients treated with
c¢sDMARDs or bDMARDs (38). At baseline, in patients with
treatment-naive RA, IFNy-induced lymphocyte pSTAT1 and IL-
4-induced monocyte pSTAT6 levels were higher in patients who
achieved a good response to therapy than in non-responders to
bDMARDS (38).

Monocytes are the peripheral blood counterparts of tissue
synovial macrophages, the principal immune cell type
infiltrating the inflamed synovia. In the tissue, FLS act as
effectors, as they are responsive to the inflammatory local
milieu, principally by TNF and IEN, transforming into pro-
inflammatory behavior. In vitro studies have demonstrated that
two JAK inhibitors, peficitinib and tofacitinib, suppress the FLS
expression of apoptosis-resistant genes, inhibit the production of
matrix metalloproteinases, and promote FLS death (9, 39). The T
and B cells, macrophages and mast cells infiltrating the synovial
tissue are possibly affected by the inhibition of the JAK-STAT
pathway too. There is a crucial crosstalk between FLS and
immune cells; in vitro, JAK inhibitors (tofacitinib, baricitinib,
and upadacitinib) can suppress the secretion of different
cytokines produced by FLS-stimulated T helper cells, as well as
suppress T-cell proliferation, disrupting the circuits in the
bidirectional interplay between FLS and immune cells (40).
Tofacitinib and ruxolitinib suppress STAT1 activation in TNF-
stimulated RA synovial macrophages (41). Moreover, tofacitinib
can inhibit the expression of MMPs and interferon-regulated
genes, in accordance with the reduction of pSTAT1 and pSTAT3
phosphorylation, supporting the role of IFNy and IL-6
inhibition (42).
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The results of this pilot study suggest that, with a decrease in
monocyte frequency, the baseline cytokine (mostly IFNor)-induced
phosphorylation of STAT1 could represent an early predictor of
treatment response in RA patients starting baricitinib.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

This study was reviewed and approved by the Ethical
Committee of Policlinico Umberto I—Sapienza University of
Rome. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

GT, CG, FS, and SP conceived the project, designed the
protocol, wrote the draft, and analyzed the data. IP, MZ, APG,
and FCe contributed to study design and monitored
experimental procedure and analyzed the data. FCo, FCe, FS,
and SP wrote the statistical analysis plan and analyzed the data,
supervised the draft and revised the paper. All authors listed

References

1. Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet (2016) 388
(10055):2023-38. doi: 10.1016/S0140-6736(16)30173-8

2. Roszkowski L, Ciechomska M. Tuning monocytes and macrophages for
personalized therapy and diagnostic challenge in rheumatoid arthritis. Cells (2021)
10(8):1860. doi: 10.3390/cells10081860

3. Guilliams M, Ginhoux F, Jakubzick C, Naik SH, Onai N, Schraml BU, et al.
Dendritic cells, monocytes and macrophages: a unified nomenclature based on
ontogeny. Nat Rev Immunol (2014) 14(8):571-8. doi: 10.1038/nri3712

4. Zhao J, Guo S, Schrodi SJ, He D. Molecular and cellular heterogeneity in
rheumatoid arthritis: mechanisms and clinical implications. Front Immunol (2021)
12:790122. doi: 10.3389/fimmu.2021.790122

5. Chara L, Sanchez-Atrio A, Perez A, Cuende E, Albarran F, Turrion A,
et al. Monocyte populations as markers of response to adalimumab plus MTX
in rheumatoid arthritis. Arthritis Res Ther (2012) 14(4):R175. doi: 10.1186/
ar3928

6. Ciobanu DA, Poenariu IS, Cringus LI, Vreju FA, Turcu-Stiolica A, Tica AA,
et al. JAK/STAT pathway in pathology of rheumatoid arthritis (Review). Exp Ther
Med (2020) 20(4):3498-503. doi: 10.3892/etm.2020.8982

7. LiuS, Ma H, Zhang H, Deng C, Xin P. Recent advances on signaling pathways
and their inhibitors in rheumatoid arthritis. Clin Immunol (2021) 230:108793. doi:
10.1016/j.clim.2021.108793

8. Karonitsch T, Beckmann D, Dalwigk K, Niederreiter B, Studenic P, Byrne
RA, et al. Targeted inhibition of janus kinases abates interfon gamma-induced
invasive behaviour of fibroblast-like synoviocytes. Rheumatol (Oxford) (2018) 57
(3):572-7. doi: 10.1093/rheumatology/kex426

9. Emori T, Kasahara M, Sugahara S, Hashimoto M, Ito H, Narumiya S, et al.
Role of JAK-STAT signaling in the pathogenic behavior of fibroblast-like

Frontiers in Immunology

10

10.3389/fimmu.2022.932240

have made a substantial, direct, and intellectual contribution to
the work and approved it for publication.

Conflict of interest

CG, FCo and FS received speaker fees from Eli Lilly.

The remaining authors declare that the research was
conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict
of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.932240/full#supplementary-material

synoviocytes in rheumatoid arthritis: Effect of the novel JAK inhibitor peficitinib.
Eur J Pharmacol (2020) 882:173238. doi: 10.1016/j.ejphar.2020.173238

10. Magnol M, Benjamin R, Souraya S, Katy D, Michel B, Emmanuelle L, et al.
Jak inhibitors — baricitinib and tofacitinib - modulate the in vitro inflammatory
and alternative polarizations of macrophages. Ann Rheumatic Diseases (2019)
78:1486-7. doi: 10.1136/annrheumdis-2019-eular.1801

11. Lescoat A, Lelong M, Jeljeli M, Piquet-Pellorce C, Morzadec C, Ballerie A,
et al. Combined anti-fibrotic and anti-inflammatory properties of JAK-inhibitors
on macrophages in vitro and in vivo: Perspectives for scleroderma-associated
interstitial lung disease. Biochem Pharmacol (2020) 178:114103. doi: 10.1016/
j.bcp.2020.114103

12. Ikari Y, Isozaki T, Tsubokura Y, Kasama T. Peficitinib inhibits the
chemotactic activity of monocytes via proinflammatory cytokine production in
rheumatoid arthritis fibroblast-like synoviocytes. Cells (2019) 8(6):561. doi:
10.3390/cells8060561

13. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO3rd,
et al. 2010 Rheumatoid arthritis classification criteria: an American college of
Rheumatology/European league against rheumatism collaborative initiative.
Arthritis Rheum (2010) 62(9):2569-81. doi: 10.1002/art.27584

14. van Gestel AM, Prevoo ML, van 't Hof MA, van Rijswijk MH, van de Putte
LB, van Riel PL. Development and validation of the european league against
rheumatism response criteria for rheumatoid arthritis. comparison with the
preliminary american college of rheumatology and the world health
organization/international league against rheumatism criteria. Arthritis
Rheumatol (1996) 39(1):34-40. doi: 10.1002/art.1780390105

15. Wampler Muskardin T, Vashisht P, Dorschner JM, Jensen MA, Chrabot BS,
Kern M, et al. Increased pretreatment serum IFN-beta/alpha ratio predicts non-
response to tumour necrosis factor alpha inhibition in rheumatoid arthritis. Ann
Rheum Dis (2016) 75(10):1757-62. doi: 10.1136/annrheumdis-2015-208001

16. Pacella I, Spinelli FR, Severa M, Timperi E, Tucci G, Zagaglioni M, et al.
ISG15 protects human tregs from interferon alpha-induced contraction in a cell-
intrinsic fashion. Clin Transl Immunol (2020) 9(12):e1221. doi: 10.1002/cti2.1221

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.932240/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.932240/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)30173-8
https://doi.org/10.3390/cells10081860
https://doi.org/10.1038/nri3712
https://doi.org/10.3389/fimmu.2021.790122
https://doi.org/10.1186/ar3928
https://doi.org/10.1186/ar3928
https://doi.org/10.3892/etm.2020.8982
https://doi.org/10.1016/j.clim.2021.108793
https://doi.org/10.1093/rheumatology/kex426
https://doi.org/10.1016/j.ejphar.2020.173238
https://doi.org/10.1136/annrheumdis-2019-eular.1801
https://doi.org/10.1016/j.bcp.2020.114103
https://doi.org/10.1016/j.bcp.2020.114103
https://doi.org/10.3390/cells8060561
https://doi.org/10.1002/art.27584
https://doi.org/10.1002/art.1780390105
https://doi.org/10.1136/annrheumdis-2015-208001
https://doi.org/10.1002/cti2.1221
https://doi.org/10.3389/fimmu.2022.932240
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tucci et al.

17. Rossol M, Kraus S, Pierer M, Baerwald C, Wagner U. The CD14(bright)
CD16+ monocyte subset is expanded in rheumatoid arthritis and promotes
expansion of the Th17 cell population. Arthritis Rheumatol (2012) 64(3):671-7.
doi: 10.1002/art.33418

18. Fingerle-Rowson G, Angstwurm M, Andreesen R, Ziegler-Heitbrock HW.
Selective depletion of CD14+ CD16+ monocytes by glucocorticoid therapy. Clin
Exp Immunol (1998) 112(3):501-6. doi: 10.1046/j.1365-2249.1998.00617.x

19. Perpetuo IP, Caetano-Lopes J, Rodrigues AM, Campanilho-Marques R,
Ponte C, Canhao H, et al. Effect of tumor necrosis factor inhibitor therapy on
osteoclasts precursors in rheumatoid arthritis. BioMed Res Int (2017)
2017:2690402. doi: 10.1155/2017/2690402

20. Batko B, Schramm-Luc A, Skiba DS, Mikolajczyk TP, Siedlinski M. TNF-
alpha inhibitors decrease classical CD14(hi)CD16- monocyte subsets in highly
active, conventional treatment refractory rheumatoid arthritis and ankylosing
spondylitis. Int ] Mol Sci (2019) 20(2):291. doi: 10.3390/ijms20020291

21. Tsukamoto M, Seta N, Yoshimoto K, Suzuki K, Yamaoka K, Takeuchi T.
CD14(bright)CD16+ intermediate monocytes are induced by interleukin-10 and
positively correlate with disease activity in rheumatoid arthritis. Arthritis Res Ther
(2017) 19(1):28. doi: 10.1186/s13075-016-1216-6

22. Amoruso A, Sola D, Rossi L, Obeng JA, Fresu LG, Sainaghi PP, et al.
Relation among anti-rheumatic drug therapy, CD14(+)CD16(+) blood monocytes
and disease activity markers (DAS28 and US7 scores) in rheumatoid arthritis: A
pilot study. Pharmacol Res (2016) 107:308-14. doi: 10.1016/j.phrs.2016.03.034

23. Delgado-Vega AM, Alarcon-Riquelme ME, Kozyrev SV. Genetic
associations in type I interferon related pathways with autoimmunity. Arthritis
Res Ther (2010) 12 Suppl 1:S2. doi: 10.1186/ar2883

24. Sozzani S, Bosisio D, Scarsi M, Tincani A. Type I interferons in systemic
autoimmunity. Autoimmunity (2010) 43(3):196-203. doi: 10.3109/
08916930903510872

25. Boehm U, Klamp T, Groot M, Howard JC. Cellular responses to interferon-
gamma. Annu Rev Immunol (1997) 15:749-95. doi: 10.1146/
annurev.immunol.15.1.749

26. Leonard WJ, O'Shea JJ. Jaks and STATSs: biological implications. Annu Rev
Immunol (1998) 16:293-322. doi: 10.1146/annurev.immunol.16.1.293

27. Canete JD, Martinez SE, Farres J, Sanmarti R, Blay M, Gomez A, et al.
Differential Th1/Th2 cytokine patterns in chronic arthritis: interferon gamma is
highly expressed in synovium of rheumatoid arthritis compared with seronegative
spondyloarthropathies. Ann Rheum Dis (2000) 59(4):263-8. doi: 10.1136/
ard.59.4.263

28. Yarilina A, Park-Min KH, Antoniv T, Hu X, Ivashkiv LB. TNF activates an
IRF1-dependent autocrine loop leading to sustained expression of chemokines and
STAT1-dependent type I interferon-response genes. Nat Immunol (2008) 9
(4):378-87. doi: 10.1038/nil1576

29. Walker JG, Ahern MJ, Coleman M, Weedon H, Papangelis V, Beroukas D,
et al. Changes in synovial tissue jak-STAT expression in rheumatoid arthritis in
response to successful DMARD treatment. Ann Rheum Dis (2006) 65(12):1558-64.
doi: 10.1136/ard.2005.050385

30. Seyhan AA, Gregory B, Cribbs AP, Bhalara S, Li Y, Loreth C, et al. Novel
biomarkers of a peripheral blood interferon signature associated with drug-naive

Frontiers in Immunology

11

10.3389/fimmu.2022.932240

early arthritis patients distinguish persistent from self-limiting disease course. Sci
Rep (2020) 10(1):8830. doi: 10.1038/s41598-020-63757-3

31. Jiang J, Zhao M, Chang C, Wu H, Lu Q. Type I interferons in the
pathogenesis and treatment of autoimmune diseases. Clin Rev Allergy Immunol
(2020) 59(2):248-72. doi: 10.1007/s12016-020-08798-2

32. Castaneda-Delgado JE, Bastian-Hernandez Y, Macias-Segura N, Santiago-
Algarra D, Castillo-Ortiz JD, Aleman-Navarro AL, et al. Type I interferon gene
response is increased in early and established rheumatoid arthritis and correlates
with autoantibody production. Front Immunol (2017) 8:285. doi: 10.3389/
fimmu.2017.00285

33. Perng YC, Lenschow DJ. ISG15 in antiviral immunity and beyond. Nat Rev
Microbiol (2018) 16(7):423-39. doi: 10.1038/s41579-018-0020-5

34. Dorner T, Tanaka Y, Petri MA, Smolen JS, Wallace DJ, Dow ER, et al.
Baricitinib-associated changes in global gene expression during a 24-week phase II
clinical systemic lupus erythematosus trial implicates a mechanism of action
through multiple immune-related pathways. Lupus Sci Med (2020) 7(1):e000424.
doi: 10.1136/lupus-2020-000424

35. Traves PG, Murray B, Campigotto F, Galien R, Meng A, Di Paolo JA. JAK
selectivity and the implications for clinical inhibition of pharmacodynamic
cytokine signalling by filgotinib, upadacitinib, tofacitinib and baricitinib. Ann
Rheum Dis (2021) 80(7):865-75. doi: 10.1136/annrheumdis-2020-219012

36. Karonitsch T, von Dalwigk K, Steiner CW, Bluml S, Steiner G, Kiener HP,
et al. Interferon signals and monocytic sensitization of the interferon-gamma
signaling pathway in the peripheral blood of patients with rheumatoid arthritis.
Arthritis Rheumatol (2012) 64(2):400-8. doi: 10.1002/art.33347

37. Kitanaga Y, Imamura E, Nakahara Y, Fukahori H, Fujii Y, Kubo S, et al. In
vitro pharmacological effects of peficitinib on lymphocyte activation: a potential
treatment for systemic sclerosis with JAK inhibitors. Rheumatol (Oxford) (2020) 59
(8):1957-68. doi: 10.1093/rheumatology/kez526

38. Kuuliala K, Kuuliala A, Koivuniemi R, Kautiainen H, Repo H, Leirisalo-
Repo M. STAT6 and STAT1 pathway activation in circulating lymphocytes and
monocytes as predictor of treatment response in rheumatoid arthritis. PloS One
(2016) 11(12):e0167975. doi: 10.1371/journal.pone.0167975

39. Liu Y, Peng J, Xiong X, Cheng L, Cheng X. Tofacitinib enhances IGF1 via
inhibiting STAT6 transcriptionally activated-miR-425-5p to ameliorate
inflammation in RA-FLS. Mol Cell Biochem (2022). doi: 10.1007/s11010-022-
04444-x

40. Yao N, Tretter T, Kvacskay P, Merkt W, Blank N, Lorenz HM, et al.
Targeting of janus kinases limits pro-inflammatory but also immunosuppressive
circuits in the crosstalk between synovial fibroblasts and lymphocytes.
Biomedicines (2021) 9(10):1413. doi: 10.3390/biomedicines9101413

41. Yarilina A, Xu K, Chan C, Ivashkiv LB. Regulation of inflammatory
responses in tumor necrosis factor-activated and rheumatoid arthritis synovial
macrophages by JAK inhibitors. Arthritis Rheumatol (2012) 64(12):3856-66. doi:
10.1002/art.37691

42. Boyle DL, Soma K, Hodge J, Kavanaugh A, Mandel D, Mease P, et al. The
JAK inhibitor tofacitinib suppresses synovial JAK1-STAT signalling in rheumatoid
arthritis. Ann Rheum Dis (2015) 74(6):1311-6. doi: 10.1136/annrheumdis-2014-
206028

frontiersin.org


https://doi.org/10.1002/art.33418
https://doi.org/10.1046/j.1365-2249.1998.00617.x
https://doi.org/10.1155/2017/2690402
https://doi.org/10.3390/ijms20020291
https://doi.org/10.1186/s13075-016-1216-6
https://doi.org/10.1016/j.phrs.2016.03.034
https://doi.org/10.1186/ar2883
https://doi.org/10.3109/08916930903510872
https://doi.org/10.3109/08916930903510872
https://doi.org/10.1146/annurev.immunol.15.1.749
https://doi.org/10.1146/annurev.immunol.15.1.749
https://doi.org/10.1146/annurev.immunol.16.1.293
https://doi.org/10.1136/ard.59.4.263
https://doi.org/10.1136/ard.59.4.263
https://doi.org/10.1038/ni1576
https://doi.org/10.1136/ard.2005.050385
https://doi.org/10.1038/s41598-020-63757-3
https://doi.org/10.1007/s12016-020-08798-2
https://doi.org/10.3389/fimmu.2017.00285
https://doi.org/10.3389/fimmu.2017.00285
https://doi.org/10.1038/s41579-018-0020-5
https://doi.org/10.1136/lupus-2020-000424
https://doi.org/10.1136/annrheumdis-2020-219012
https://doi.org/10.1002/art.33347
https://doi.org/10.1093/rheumatology/kez526
https://doi.org/10.1371/journal.pone.0167975
https://doi.org/10.1007/s11010-022-04444-x
https://doi.org/10.1007/s11010-022-04444-x
https://doi.org/10.3390/biomedicines9101413
https://doi.org/10.1002/art.37691
https://doi.org/10.1136/annrheumdis-2014-206028
https://doi.org/10.1136/annrheumdis-2014-206028
https://doi.org/10.3389/fimmu.2022.932240
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Baricitinib therapy response in rheumatoid arthritis patients associates to STAT1 phosphorylation in monocytes
	Introduction
	Materials and methods
	Patients: inclusion criteria and study design
	Preparation of human peripheral blood mononuclear cells
	Flow cytometry for pSTATs
	Flow cytometry for pSTAT1 in monocytes
	Intracellular staining of interferon stimulated genes
	Statistical analysis

	Results
	Dynamics and phosphorylation of STATs in selected immune cell subtypes in responder and non responder patients
	Monocyte frequency and STAT1 phosphorylation after IFNα stimulation decreased in responder patients
	Monocytes from responder patients basally express PKR, but not ISG15, at higher levels compared to non-responder patients

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


