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In vitro pharmacological effects of peficitinib on
lymphocyte activation: a potential treatment for
systemic sclerosis with JAK inhibitors
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Abstract

Objectives. Peficitinib, a novel Janus kinase (JAK) inhibitor, demonstrated promising results in treating RA in

phase 3 clinical trials. This in vitro study was undertaken to characterize the pharmacological properties of peficiti-

nib and investigate the involvement of JAK and signal transducer and activator of transcription (STAT) pathways in

the pathological processes of SSc, which is also an autoimmune disease.

Methods. Phosphorylation levels of STAT molecules were assessed in peripheral blood mononuclear cells col-

lected from patients with RA or SSc and healthy subjects, and in skin specimens obtained from 19 patients with

SSc. In vitro inhibition of STAT phosphorylation and cytokine/chemokine production by peficitinib, tofacitinib and

baricitinib were also characterized.

Results. Higher spontaneous STAT1 or STAT3 phosphorylation was observed in peripheral T-cells and monocytes

from patients with RA and SSc compared with healthy subjects. In skin sections from patients with SSc, phos-

phorylated STAT3–positive cells were found in almost all cases, irrespective of disease subtype or patient charac-

teristics. Conversely, phosphorylated STAT1-positive cells were observed only in samples from untreated patients

with diffuse disease of short duration. Peficitinib inhibited STAT phosphorylation induced by various cytokines, with

comparable efficacy to tofacitinib and baricitinib. Peficitinib also suppressed cytokine and chemokine production by

peripheral blood mononuclear cells and skin fibroblasts.

Conclusion. Our results suggest that JAK/STAT pathways are constitutively activated in SSc and RA, and that

the JAK inhibitor may represent a novel therapeutic option for SSc.
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Introduction

The refractory chronic autoimmune disease SSc is char-

acterized by angiopathy resulting from extensive organ

fibrosis and vascular endothelial hyperplasia. Disease

classification is based on the aggressiveness of the

disease or severity of sclerosis, namely diffuse or limited

[1]. Effective treatment is currently lacking, therefore

patients with SSc, particularly those with diffuse dis-

ease, experience high rates of morbidity and mortality

[2]. Although the full disease pathogenesis remains un-

known, fibroblast activation, vascular dysfunction and

immune dysregulation are believed to contribute to the

pathogenesis of SSc [3].

The proinflammatory cytokine, IL-6, is elevated in SSc

and correlates with disease activity [4]. However,

randomized controlled trials of tocilizumab, an anti-IL-6

receptor alpha antibody, failed to show statistically sig-

nificant improvements in skin thickening and lung func-

tion in adults with progressive SSc [5, 6]. These results
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support the complexity and pleiotropic aspects of SSc,

with further cumulative evidence suggesting the involve-

ment of other T-cell-derived cytokine signal pathways,

especially T-helper 2 cell-derived cytokines, including

IL-4, IL-13 and TGF-b [7]. Strategies involving multiple

cytokine targets may therefore improve the clinical out-

comes of SSc in comparison with single-cytokine target-

ing strategies.

Therapeutic cytokine signal targeting is already well

established in the treatment of RA, with the emergence

of several effective biologic (b)DMARDs [8]. Additionally,

orally available Janus kinase (JAK) inhibitors, which im-

prove quality of life in patients with RA, have recently

been introduced and are recommended in combination

with bDMARDs for the management of early disease

when unfavourable prognostic markers are present [9].

Several cytokines transduce their signalling via JAK/sig-

nal transducer and activator of transcription (STAT)

pathways in various combinations (JAK1, JAK2, JAK3,

tyrosine kinase-2/STAT1, 2, 3, 4, 5a, 5b, 6) [10, 11].

A growing body of evidence is accumulating indicat-

ing that JAK/STAT pathways are involved in many

pathological processes in autoimmune diseases [11],

and three effective JAK inhibitors are currently available

for clinical indications: tofacitinib and baricitinib, for RA,

and ruxolitinib, for myelofibrosis and polycythaemia [12–

15]. JAK inhibitors are therefore increasingly recognized

as useful options for treating immune-related diseases,

and a large number of clinical trials are now underway

to expand the potential indications of JAK inhibitors, for

example, in SLE, alopecia areata and inflammatory

bowel disease [16, 17]. It has also been proposed that

JAK inhibitors may be efficacious in SSc, because of

multitargeted cytokine signal inhibition [18].

Nevertheless, to date, little attention has been given to

the application of JAK inhibitors in treating SSc.

Peficitinib, a novel pan-JAK inhibitor, is a more potent

inhibitor of tyrosine kinase-2 activity than the currently

marketed JAK inhibitors, and has demonstrated efficacy

in phase 3 clinical trials in RA [14, 15, 19, 20]. The aim

of this study was to assess the therapeutic potential of

peficitinib in SSc, by characterizing the in vitro pharma-

cological profile of peficitinib in inhibiting the JAK/STAT

pathway.

Methods

Study design, patients and ethics

This was an in vitro study of blood samples obtained

from 29 bDMARD-naı̈ve patients with RA, 21 patients

with SSc and 10 healthy subjects at the University of

Occupational and Environmental Health, Japan. Patients

with RA were clinically diagnosed based on ACR/EULAR

2010 classification criteria for RA [21, 22], and clinical

diagnosis of SSc was made based on the 2013 ACR/

EULAR classification criteria for SSc [23, 24]. Skin bi-

opsy specimens were also obtained from 19 patients

with SSc. The study was approved by the Human Ethics

Review Committees of the University of Occupational

and Environmental Health, Japan, and Astellas Pharma,

Inc. Each subject provided written informed consent.

Test compounds

All test compounds (tofacitinib, baricitinib and peficitinib)

were synthesized at Astellas Pharma, Inc. (Tokyo,

Japan).

Baseline phosphorylation levels of STAT

Aliquots of human whole blood (100 ll) were stained

with V450-conjugated anti-CD3 antibody (BD

Biosciences, San Jose, CA, USA) to surface stain CD3þ

T cells before fixation with 1�BD Phosflow Lyse/Fix

buffer (BD Biosciences) for 10 min at 37�C. After wash-

ing and permeabilization with Perm buffer III (BD

Biosciences) for 30 min at 4�C, the cells were washed

and stained with anti-phospho STAT antibodies (BD

Biosciences) at 4�C in the dark for 60 min. After final

washing and resuspension in 200 ll wash buffer, the

cells were kept on ice until flow cytometer analysis.

STAT phosphorylation levels in CD3þ T cells or mono-

cytes were expressed as the mean fluorescence inten-

sity values of cells staining positive for phosphorylated

STATs from which the mean fluorescence intensity val-

ues of unstained cells were subtracted. Monocytes were

defined by forward and side scatter flow cytometer val-

ues. The required sample size for this study was deter-

mined based on the findings of a previous report [25].

Cytokine stimulation–induced STAT phosphorylation
assays

Peripheral blood mononuclear cells (PBMCs), isolated

using density gradient centrifugation with Lympholyte-H

Cell Separation Media (Cedarlane, ON, Canada), were

suspended in RPMI1640 medium (Wako, Tokyo, Japan)

containing 10% foetal bovine serum and 1% (v/v) peni-

cillin–streptomycin, and stained with V450-conjugated

anti-CD3 antibody for 10 min at 37�C. CD3-stained

PBMCs or serum-starved normal human dermal fibro-

blast cells (1.0�105 cells/sample) cultured in serum-free

DMEM medium (Merck, Darmstadt, Germany) were pre-

incubated with the test compounds at designated con-

centrations for 10 min at 37�C and treated with recom-

binant human cytokines for an additional 15 min. The

recombinant human cytokines were: IL-2 (30 ng/ml; R&D

Systems, Minneapolis, MN, USA); IL-4 (3 ng/ml; R&D

Systems); IL-6 (30 ng/ml; R&D Systems); IL-13 (30 ng/ml;

R&D Systems) or IFN-a (1000 U/ml; Abcam, Cambridge,

UK) for the PBMC assay. IL-6 (10 or 30 ng/ml; R&D

Systems) or IFN-a2b (100 ng/ml; Miltenyi Biotec,

Bergisch Gladbach, Germany) were used for the fibro-

blast assay.

After cytokine stimulation, the cells were fixed with Fix

buffer I (BD Biosciences) for 10 min at 37�C and incu-

bated with Perm buffer III for 30 min on ice. The cells

were then washed and stained with anti-phospho STAT

antibodies at 4�C in the dark for 30–90 min. Finally, the
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cells were washed and resuspended in wash buffer, and

kept on ice until flow cytometry analysis.

Cytokine/chemokine production assays

For anti-CD3 antibody/anti-CD28 antibody-stimulated

cytokine release assay, PBMC suspensions (100 ll/well,

1�105 cells/well) were seeded into anti-CD3 antibody

(Thermo Fisher Scientific, Waltham, MA, USA) pre-

coated 96-well tissue culture plates and incubated with

test compounds for 30 min at 37�C. The cells were then

stimulated with anti-CD28 antibody (0.5 lg/ml; Thermo

Fisher Scientific) solution and incubated for 24 h at

37�C. For the IL-2–stimulated cytokine release assay,

PBMC suspensions (100 ll/well, 1� 105 cells/well) were

pre-incubated with the test compounds for 30 min at

37�C before stimulation with IL-2 (100 ng/ml) and incu-

bation for 72 h at 37�C. Normal human dermal fibroblast

cells (100 ll/well, 1� 104 cells/well) were seeded into

flat-bottomed 96-well tissue culture plates 2 days before

stimulation with IL-6 (100 ng/ml) or IFN-a (1000 U/ml) for

24 h and drug treatment. Culture supernatants were har-

vested after incubation, and cytokine concentrations

were determined using a BD CBA Flex Set System (BD

Biosciences). Cell viability was also measured using a

CellTiter-Glo Luminescent Cell Viability Assay kit

(Promega, Madison, WI, USA).

Immunohistochemical analysis

Immunohistochemical analysis was performed on

formalin-fixed, paraffin-embedded skin sections

obtained from 19 patients with SSc and anti-phospho

STAT1 (Tyr701) and 3 (Tyr705) antibodies (Cell Signalling

Technology, Danvers, MA, USA). Paraffin-embedded

HeLa cell pellets (Cell Signalling Technology) were used

as negative controls, and IFN-a-treated pellets (Cell

Signalling Technology) were used as positive controls.

Antibodies labelled with horseradish peroxidase (Agilent

Technologies Inc., Santa Clara, CA, USA) were used as

the secondary antibody.

Statistical analysis

All statistical analyses were conducted using GraphPad

Prism 7 software (version 7.03; GraphPad Software, La

Jolla, CA, USA). P <0.05 was considered to be significant.

Results

Constitutive STAT phosphorylation in RA and SSc

Constitutive phosphorylation of STAT in PBMCs in healthy

subjects and patients with RA or SSc is shown in Fig. 1A

and B. STAT1 phosphorylation in CD3þ T cells was signifi-

cantly higher in patients with RA than in healthy subjects,

and STAT3 phosphorylation levels in CD3þ T cells and

monocytes were significantly higher in both patients with

RA and patients with SSc than in healthy subjects.

Although relatively high phosphorylated (p)STAT5 levels

were seen in both patients with RA and patients with SSc

compared with healthy subjects, the differences were not

statistically significant. No significant difference was

observed in pSTAT6.

In addition, we measured plasma IFN-a, TNF-a and

IL-13 levels using a BD Cytometric Bead Array Flex Set

System, and IL-4 and IL-6 levels using a BD Cytometric

Bead Array Enhanced Sensitivity Flex Set System

(Fig. 1C). However, plasma cytokines were below the kit

detection limit in most patients and healthy subjects.

Inhibitory effect of JAK inhibitors on cytokine-
induced STAT phosphorylation

To compare the inhibitory activity of each JAK inhibitor

against JAK/STAT pathway signalling, we assessed

cytokine-stimulated STAT phosphorylation. Peficitinib ef-

fectively suppressed STAT phosphorylation in all cyto-

kine/JAK/STAT pathways tested in PBMCs from healthy

subjects (Table 1A). In PBMCs derived from patients

with RA (Table 1B) and patients with SSc (Table 1C),

tofacitinib and baricitinib suppressed STAT phosphoryl-

ation with IC50 values comparable with or lower than

peficitinib in all tested JAK/STAT pathways. None of the

three JAK inhibitors showed significant changes in IC50

in blood samples from SSc patients compared with

those from RA patients or healthy subjects.

Inhibitory effect of peficitinib on cytokine production

Fig. 2 shows the suppressive effect of peficitinib on cyto-

kine production induced by TCR stimulation with anti-CD3/

anti-CD28 antibody (Fig. 2A and C) or IL-2 stimulation

(Fig. 2E and G). TCR or IL-2 stimulation significantly

induced IL-4, IL-13, IL-17A, IFN-c, TNF-a and GM-CSF.

Peficitinib suppressed IL-4, IL-13, IFN-c and TNF-a produc-

tion in a dose-related manner without affecting cell viability

(Fig. 2B, D, F and H). Peficitinib had no clear suppressive

effect on IL-17A or GM-CSF production as a result of TCR-

stimulation, but almost completely suppressed production

of these cytokines as a result of IL-2 stimulation. Peficitinib

treatment had no effect on cell viability.

STAT phosphorylation in skin sections from patients
with SSc

To investigate the activation status of the JAK/STAT

pathway in topical skin lesion sites of SSc, we per-

formed immunohistochemical analysis on skin sections

from 19 patients with SSc. The clinical characteristics of

these patients are detailed in Table 2. Ten patients with

lcSSc and nine with dcSSc were evaluated; in each pa-

tient, two skin sections from digit and brachium were

stained with anti pSTAT1 or pSTAT3 antibody (Table 2).

No pSTAT1-positive cell was observed in skin sections

from the group with limited disease, while pSTAT1-

positive keratinocytes and endothelial cells were

detected in three of nine skin sections from those with

diffuse disease. Interestingly, these three pSTAT1-posi-

tive sections were derived from untreated patients with

short disease duration. In contrast, pSTAT3-positive

cells were detected regardless of disease type and

In vitro pharmacological effects of peficitinib on lymphocyte activation
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patient background. Representative immunohistochem-

istry images are shown in Fig. 3.

Inhibitory effect of peficitinib on dermal fibroblast
function

Finally, the effects of peficitinib on the expression of

pSTAT1 or pSTAT3 and the production of chemokines

from normal human dermal fibroblasts stimulated with

IL-6 or IFN-a were evaluated. Peficitinib suppressed

STAT1 and STAT3 phosphorylation induced by IL-6 or

IFN-a in a dose-related manner (Fig. 4A). Monocyte

chemoattractant protein-1 and IFN-c-induced protein-10

production induced by IL-6 or IFN-a were also sup-

pressed by peficitinib in a dose-related manner

(Fig. 4B).

FIG. 1 Constitutive activation of STATs in peripheral blood mononuclear cells from patients with RA and SSc

Basal phosphorylated STATs level in CD3þ T-cells (A) and in monocytes (B). (C) Plasma cytokine levels were assessed

by bead-based immunoassays. Samples with cytokine levels that were below the assay’s lower limit of detection were

assigned the values of the midpoint between the lower limit of detection and zero. The horizontal bars in the figure in-

dicate the means. Numbers in brackets on the abscissa represent the number of subjects in each group. Statistical

analyses were performed using Dunn’s multiple comparisons test (HV vs SSc, HV vs RA). *P<0.05. HV: healthy con-

trol; ns: not significant; MFI: mean fluorescence intensity; STAT: signal transducer and activator of transcription.
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FIG. 2 Suppressive activity of peficitinib on proinflammatory cytokine production by peripheral blood mononuclear cells

Peripheral blood mononuclear cells isolated from patients with RA (A, B, E, F) or SSc (C, D, G, H) were stimulated

with anti-CD3/anti-CD28 antibodies for 24 h (A–D) or recombinant human IL-2 for 72 h (E–H) in the presence of the

indicated concentration of peficitinib. Proinflammatory cytokine production in the culture supernatants were assessed

by bead-based immunoassays. Cell viability was assessed with CellTiter-Glo (B, D, F, H). Data represents mean or

mean with S.E.M. of three to five independent experiments using different donors. pefi: peficitinib.
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Discussion

The efficacy of JAK inhibitors in RA has encouraged

their development for other systemic autoimmune disor-

ders, including psoriasis, ulcerative colitis and SLE [19].

These autoimmune diseases share multiple symptoms,

and genetic and environmental risk factors, and can

often develop concurrently in an individual patient.

Patients with multiple autoimmune diseases have been

frequently reported as having polyautoimmunity, which

supports the presence of a common pathological path-

way for these diseases [26]. Therefore, exploring the po-

tential of a drug approved in one autoimmune disease

for the treatment of other autoimmune disorders can be

considered a feasible study approach. Indeed, several

studies [27, 28] have revealed the prevalence of polyau-

toimmunity in patients with SSc, and meta-analysis of

genomic studies has shown the JAK/STAT pathway to

be one of the potential common target pathways for the

treatment of RA and SSc [29]. Recent clinical evidence

also suggests that JAK inhibition might be useful in der-

matological autoimmune disease [30–32]. SSc is an

autoimmune disease characterized by dermatological

manifestation resulting from immune dysregulation, vas-

culopathy and fibrosis, but to date little attention has

been paid to the potential efficacy of JAK inhibitors in

this indication. Therefore, in this study, we investigated

the in vitro pharmacological profile of peficitinib, a novel

JAK inhibitor, using peripheral blood from patients with

autoimmune disease, and explored the therapeutic po-

tential for peficitinib in treating SSc. First, we compared

basal STAT phosphorylation levels in circulating PBMCs

from patients with RA, patients with SSc, and healthy

subjects. Although the low number of samples for flow

cytometry should be considered as a limitation of our

study, constitutive STAT1 activation was found in CD3þ

T cells in patients with RA, with significantly higher

STAT3 phosphorylation levels being observed in both

patients with RA and patients with SSc compared with

healthy individuals. As the phosphorylation of STAT in

PBMCs could be triggered by circulating cytokines,

which could be crucial for the pathogenesis of RA and

SSc, we measured plasma concentrations to confirm

that the higher baseline STAT1 and STAT3 levels

resulted from higher circulating levels of plasma cyto-

kines. Although we found no correlation between indi-

vidual plasma cytokine concentrations and STAT

phosphorylation levels (data not shown), our results sug-

gest that combinations of circulating inflammatory cyto-

kines could have caused constitutive STAT

phosphorylation and activated the PBMCs, thus induc-

ing systemic inflammatory disease.

We also examined the effect of JAK inhibitors on

cytokine-induced STAT phosphorylation in PBMCs from

healthy subjects, and patients with RA and SSc. As

each cytokine utilizes a specific combination of JAKs

and STATs for the transduction of downstream signals

[33], it is assumed that JAK inhibitors with different se-

lectivity for different JAKs may exhibit varying inhibitory

profiles for cytokine downstream signalling. However,

unexpectedly, all three JAK inhibitors effectively sup-

pressed the STAT phosphorylation induced by IL-2, IL-

4, IL-6, IL-13 and IFN-a with almost comparable po-

tency in our cell-based pSTAT inhibition assays. As �60

cytokines utilize JAK/STAT pathway signalling [19], fur-

ther data are needed to elucidate whether JAK selectiv-

ity leads to selective regulation of cellular functions.

Another important finding was that IC50 values for pefici-

tinib in RA were comparable with those in SSc, suggest-

ing that the clinical dosage of peficitinib for SSc will be

similar to RA. This is also observed for tocilizumab, for

which the clinically effective dose for SSc is the same

FIG. 3 Phosphorylated STAT1 and phosphorylated STAT3 expression in SSc skin biopsies

Representative immunohistochemical images of digit and brachium biopsies from SSc patient (SSc-12). Scale

bar¼ 100 lm. STAT: signal transducer and activator of transcription.
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FIG. 4 Peficitinib inhibition of cytokine-induced STATs phosphorylation and chemokine production in skin fibroblasts

(A) Normal human dermal fibroblasts (NHDFs) were stimulated with IL-6 or IFN-a in the presence of indicated concen-

trations of peficitinib, and STAT phosphorylation was assessed by flow cytometry. Data are expressed as the mean

values with S.E.M. of three independent experiments using fibroblasts from different lots. (B) Chemokine productions

from IL-6- or IFN-a-stimulated NHDFs were measured by bead-based immunoassays. Data are expressed as the

mean values with S.E.M. of three independent experiments using fibroblasts from a single lot. †The data include val-

ues below the detection limit. MFI, mean fluorescence intensity; MCP-1: monocyte chemoattractant protein-1; IP-10:

IFN-c–induced protein-10; STAT: signal transducer and activator of transcription.
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as that for RA (162 mg administered by weekly s.c. in-

jection) [5, 34].

In SSc, immunological activation is crucial for the in-

duction of subsequent angiopathy and tissue fibrosis.

Infiltrated T cells in skin lesions showed an active

phenotype even in pre-fibrotic state [35]. IL-4 and IL-13

are considered to be the fibrogenic cytokines produced

by these infiltrated T cells, and many in vitro and in vivo

studies support the idea that these cytokines promote fi-

brosis by inducing the differentiation of fibroblasts into

myofibroblasts and stimulating extracellular matrix pro-

duction [36]. Th1 cytokines including IFN-c and TNF-a
are also considered to participate in the perpetuation of

inflammation by inducing IL-6 release from primary cul-

tured SSc fibroblasts [37]. These observations are con-

sistent with the higher serum level of these cytokines in

patients with SSc and the positive correlation with dis-

ease progression [38, 39]. Tofacitinib and baricitinib in-

hibit human T-cell cytokine production and lymphocyte

function [40, 41]; we therefore also investigated the

pharmacological activity of peficitinib on cytokine pro-

duction by PBMCs. In addition, as TCR engagement

also induces JAK/STAT activation and contributes to ini-

tial T-cell priming and cytokine and activation marker

expression, which enables T cells to respond to various

cytokines [42, 43], we examined cytokine production

both in the priming phase of T-cell activation (by 24-h

TCR engagement) and the growing phase (by IL-2

stimulation for 72 h). Peficitinib effectively suppressed

IL-4, IL-13, IFN-c and TNF-a production induced by

TCR stimulation without affecting cell viability, but no

clear suppressive effects on IL-17A and GM-CSF pro-

duction were observed; all cytokines tested (including

IL-17A and GM-CSF) induced by IL-2 stimulation were

suppressed by peficitinib. Taken together, these results

suggest that peficitinib is a potent JAK inhibitor that can

broadly inhibit cytokine signalling.

We also explored the involvement of the JAK/STAT

pathway in skin topical lesions of SSc. Notably,

pSTAT1-positive cells were detected in sections derived

from three SSc treatment-naı̈ve patients with diffuse dis-

ease of short duration. Although responsible cytokines

remain unclear, this may indicate that aggressive inflam-

mation is dominant during the early disease phase.

Indeed, IL-6 is a well-known predictor of early disease

stage, mortality risk and worse skin involvement [44],

but the contribution of IL-6 in SSc declines with disease

progression when other cytokines, such as IL-4, IL-13 or

TGF-b, have a greater role [45–47]. Another potential

STAT1 activator is type I IFN, and although there is little

evidence of type I IFN commitment in SSc pathology,

immune complexes can induce IFN-a production; in-

deed, a high IFN signature has been reported in periph-

eral blood cells from patients with early SSc, as well as

SLE and RA [48]. In inflammatory conditions, this cyto-

kine network may induce fibroblast activation, leading to

the production of various chemokines, such as mono-

cyte chemoattractant protein-1 and IFN-c-induced pro-

tein-10 [49]. Aberrant chemokine production by

fibroblasts attracts lymphocytes, and as infiltrated lym-

phocytes in turn release pro-inflammatory cytokines, an

inflammatory loop may ensue [50]. Thus, JAK inhibitors

are expected to show at least comparable efficacy to

IL-6 signalling blockade, and may potentially exert

greater efficacy than tocilizumab by inhibiting a broad

array of cytokine signalling.

In summary, our results suggest that JAK/STAT path-

ways are constitutively activated in both RA and SSc,

and that JAK inhibitors broadly suppress JAK/STAT

pathway signals, resulting in downstream direct and in-

direct inhibition of cytokine production and fibroblast

function. Although a single cytokine targeting strategy is

highly efficient in the treatment of RA, SSc is a connect-

ive tissue disease in which a complex of autoimmune,

inflammation and fibrosis processes leads to irreversible

organ damage, and many cytokines participate in dis-

ease progression. Therefore, JAK inhibition may have

potential in the treatment of autoimmune diseases

including SSc.
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